Southern Adventist University

Knowledge Exchange
DNP Research Projects

School of Nursing

2020

Predictors and Outcomes of Invasive Mechanical Ventilation
Ailin Puckett
Southern Adventist University

Follow this and additional works at: https://knowledge.e.southern.edu/dnp
Part of the Critical Care Nursing Commons, and the Family Practice Nursing Commons

Recommended Citation
Puckett, Ailin, "Predictors and Outcomes of Invasive Mechanical Ventilation" (2020). DNP Research
Projects. 32.
https://knowledge.e.southern.edu/dnp/32

This Dissertation is brought to you for free and open access by the School of Nursing at Knowledge Exchange. It
has been accepted for inclusion in DNP Research Projects by an authorized administrator of Knowledge Exchange.
For more information, please contact jspears@southern.edu.

PREDICTORS AND OUTCOMES OF INVASIVE MECHANICAL VENTILATION

1

Predictors and Outcomes of Invasive Mechanical Ventilation in Hospitalized
Critically Ill Patients: Evaluating Patient-Centered Risk Factors

Ailin Puckett
DNP Scholarly Project
School of Nursing, Southern Adventist University
Dr. Holly Gadd
May 20, 2020

2
Dedication
This scholarly project is dedicated to my family who raised me to be hard working and
made possible for me to immigrate to the United States. I also dedicate it to my husband,
Matthew, whose love, support, and patience made this paper possible.
There are several people including Dr. Gadd, Dr. Johnson, and other faculty of Southern
Adventist University whose support and inspiration have helped me throughout my academic
years. For those as well, I offer my thanks and full gratitude.
Finally, I want to thank Dr. Iris Mamier for introducing me to nursing and God. Without
your support, I would not be where I am now.
致谢
当我在筹划这篇博士论文的时候，得到了很多人的支持和帮助，除了对于我的导师
们的感谢之外，我特别要感谢就是我的家人。感谢父母的养育之恩。感谢我的小姑在美国
对我的支持与帮助。最后，感谢我的先生，Matthew (马修)，一直支持和鼓励我，非常有耐
心地帮助我修改论文的语法。 再次感谢所有人对我的帮助。

3
Abstract
Objective: Invasive mechanical ventilation (IMV) is lifesaving and one of the most common
interventions implemented in the intensive care unit (ICU). More than half of the patients in the
ICU require IMV within the first 24 hours after ICU admission. This project aimed to evaluate and
predict the mortality rate of hospitalized patients on IMV by examining their risk factors, such as
patient demographic characteristics, disease status, social environment, and discharge status.
Methods: The National Inpatient Sample (NIS) database 2016 was used to identify patients
requiring IMV. Mortality was the dependent variable. Independent variables had four major
categories. First, patients’ demographic characteristics which contained two categories, nonmodifiable risk factors (age, age groups, gender, and race), and socioeconomic status (income and
primary expected payer). Second, disease status including principal physical diagnosis, duration of
mechanical ventilation, and modifiable risk factors (malnutrition, obesity, ETOH abuse, nicotine
abuse, and opioids abuse). Third, social environment which included admission status and hospital
stratum. Admission status included weekdays versus weekend admission, indication of ED service,
and elective versus non-elective services. The final category was discharge status, which included
total cost of hospital service and length of stay. Total of 601 patients were selected.
Results: Four variables which included found to be independent predictors of mortality among
patients on ventilators. These were age, pulmonary embolism (PE), Pneumonia (PNA), and
indication of emergency department (ED). The logistic regression model was statistically
significance, χ2(7) = 53.59, p = 0.00 (p < 0.005). The model explained 14.5% (Nagelkerke R2) of
the variance in those who died during hospitalization and correctly classified 83.7% of cases.
Sensitivity was 3.1%, specificity was 99.2%, positive predictive value was 42.9% and negative
predictive value was 84.2%. Principal physical diagnosis of pulmonary embolism had 7.02 times
(OR=7.02, CI =1.89-26.07, p = 0.00) higher odds to cause death during hospitalization than
respiratory failure. Furthermore, principal physical diagnosis of pneumonia had 2.38 times (OR=
2.38, CI =1.15-4.92, p = 0.02) higher odds to cause death during hospitalization than respiratory
failure. Increasing age was associated with an increased likelihood of death during hospitalization
among patients on IMV (OR= 1.04, CI =1.03 – 1.06, p = 0.00). No indication of ED service was
associated with a reduction (OR=0.53, CI =0.29 – 0.95, p = 0.03) in the likelihood of death during
hospitalization compare to indication of ED service.
Conclusion: Age, age group, race, primary expected payer, principal physical diagnosis, length of
IMV, and modifiable risk factors were significantly associated with in-hospital mortality among
patients on IMV. Only age, PE, pneumonia, and indication of ED service could predict in-hospital
mortality among patients on IMV. A clear understanding of these risk factors is integral for an
appropriate and timely management and further to improve patients’ outcomes.
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Chapter I
Background and Significance
Invasive mechanical ventilation (IMV) is lifesaving and one of the most common
interventions implemented in the intensive care unit (ICU). More than half of the patients in the
ICU require IMV within the first 24 hours after ICU admission. Some studies have indicated
mortality rates as high as 34.5% for hospitalized patients on IMV (Barrett et al., 2011). Moreover,
only 30.8% of these ventilated patients were discharged home from the hospital. The most
common procedure and condition utilized in the ICU were IMV for respiratory disease (93%)
(Barrett et al., 2011). Acute respiratory failure (ARF) is the most common indication for
hospitalized patients who require mechanical ventilation (Mora Carpio, 2018). The incidence of
respiratory failure requiring mechanical ventilation has been increasing by 5.5% per year (Nelson
et al., 2010). The incidence of ARF increases with age, particularly among patients over 65 years
of age (Behrendt, 2000). As most baby Boomers pass the age of 60, the risk of ARF rises
dramatically.
One of the most challenging events in the management of patients on IMV is the weaning
process. Adverse outcomes often occur due to both premature and delayed extubation. Therefore,
the timing of extubation is critical to the success of weaning the patient off IMV. Unfortunately,
many patients need to be on prolonged acute mechanical ventilation if the process of weaning off
IMV is not successful. Between 5% and 10% of patients mechanically ventilated in ICUs require
prolonged IMV (Kirton, 2011). Prolonged acute mechanical ventilation (PAMV) is defined as
more than 96 hours on the ventilator. The number of patients on prolonged acute mechanical
ventilation (PAMV) is expected to double between 2000 and 2020, from 252,577 to 605,898
(Zilberberg et al., 2008). This problem has a strong impact on the health care system in the United

8
States in terms of increasing the cost of health care, the demand for health care professionals,
length of stay, and mortality rate.
The definition of critical illness is a life-threatening multisystem involvement process that
can result in significant morbidity or mortality. Critical illnesses cause physiological instability
leading to disability or death within minutes, hours, or days. A critically ill patient is one at
imminent risk of death and needs medical treatment in the ICU (Sekulic et al., 2015). The patients
on prolonged mechanical ventilation are defined as chronically critically ill. This population is
between 5 and 10% of patients who require mechanical ventilation for acute conditions (Nelson et
al., 2010).
The Issues in Critical Care
The most common causes of respiratory failure requiring IMV are septic shock,
cardiopulmonary arrest, pneumonia, chronic obstructive pulmonary disease (COPD) exacerbation,
postoperative respiratory failure, stroke, myocardial infarction, status epilepticus, acute respiratory
distress syndrome (ARDS), and drug overdose (Mahmood, 2013). In the United States, pneumonia
is the most common cause of sepsis and septic shock, causing 50% of all episodes. About one
million adults nationwide seek care in a hospital due to pneumonia annually, and 50,000 die from
it. Furthermore, pneumonia is a significant burden on healthcare systems in the US since it is one
of the top ten most expensive conditions seen during inpatient hospitalizations. In 2013,
pneumonia had an aggregate cost of nearly $9.5 billion for 960,000 hospital stays. Approximately
200,000 patients each year in the United States are affected by acute respiratory distress syndrome
(ARDS), which results in nearly 75,000 deaths annually. Globally, ARDS accounts for 10% of
intensive care unit admissions and represents more than 3 three million patients annually.
Approximately 64 million people have COPD, and 3 million people died of COPD worldwide in
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2015. WHO predicts that COPD will become the third leading cause of death worldwide by 2030.
Furthermore, a large population-based sample (798,255) of hospital admissions for stroke shows
over half of the mechanically ventilated stroke patients died in the hospital (Lahiri et al., 2015).
Critical care is very costly. The mean hospital charge is 2.5 times higher for hospital stays
that included ICU services ($61,800) than for those without ($25,200). More than a quarter of
hospital stays (26.9%) involve ICU charges, which account for 47.5% of total hospital charges.
Furthermore, costs of treating chronically critically ill patients has been increasing. In the United
States, the costs already exceed $20 billion per year (Nelson et al., 2010). Also, the top 10% of
high-cost ICU patients amounted to 49% of total ICU costs. Both ICU and hospital length of stay
are significantly longer in high-cost ICU patients. Medical diagnoses of subarachnoid hemorrhage
(SAH), ARF, and complications of procedures had the strongest association with high cost (p <
0.001) (Reardon et al., 2018).
Finally, high cost of critical care does not guarantee a better survival rate. Patients on IMV
have a high mortality rate. The American Thoracic Society states that there are about 360,000
people who experience acute respiratory failure each year in the United States. Approximately
36% of these individuals die during a hospital stay (Kirton, 2011). Also, a study showed that 143
out of 200 patients on IMV were deceased at discharge with a mortality rate 71.5% (Sudarsanam et
al., 2005). The factors independently predicting mortality among these patients on IMV were
respiratory failure, the use of inotropes, and the acute physiology and chronic health evaluation
(APACHE II) score measured at admission (Sudarsanam et al., 2005).
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The Purpose of the Study
This study aimed to evaluate and predict the mortality rate of hospitalized patients on
invasive mechanical ventilation by examining their risk factors, such as patient demographic
characteristics, diseases status, social environment, and discharge status. Specifically, the study
was an attempt to: 1) describe the patient demographic characteristics (non-modifiable risk factors,
such as age, age group, gender, and race; socioeconomic status, such as patient income and
primary expected payer), disease status (principal physical diagnosis, length of IMV, modifiable
risk factors), social environment (admission status, such as admission days, indication of ED
services, and elective versus non-elective admission; hospital stratum such as region, control,
location/teaching, and bed size), and discharge status (total cost of hospital service and length of
stay); 2) determine the relationship between mortality and patient demographic characteristics
among patients on IMV; 3) determine the relationship between mortality and disease status; 4)
determine the relationship between mortality and social environment and hospital stratum; 5)
determine the relationship between mortality and discharge status; 6) predict the probability of
mortality among patients on IMV as related to the patient demographic characteristics, diseases
status, social environment and discharge status.
The study was designed to answer the following research questions.
1. What is the relationship between mortality and patient demographic characteristics (nonmodifiable risk factors and socioeconomic status) among patients on IMV?
2. What is the relationship between mortality and diseases status (principal physical
diagnosis, length of IMV, and modifiable risk factors) among patients on IMV?
3. What is the relationship between mortality and social environment (admission status and
hospital stratum) among patients on IMV?
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4. What is the relationship between mortality and discharge status (total cost of service and
LOS) among critically ill patients on IMV?
5. What are the predictors of the probability of mortality among critically ill patients on IMV
as related to the patient demographic characteristics (non-modifiable risk factors and
socioeconomic status), diseases status (principal physical diagnosis, length of IMV, and
modifiable risk factors), social environment (admission status and hospital status) and
discharge status (total cost of service and length of stay)?
PIO
P = population
Critically ill patients on a ventilator.
I = intervention
To determine correlation among mortality and patient demographic characteristics, diseases
status, social environment, and discharge status among patients who were 19 years or older on
IMV.
O = outcome
Find significant difference between independent (patient demographic characteristics,
diseases status, social environment, and discharge status) and dependent (mortality) variables in
order to figure out patterns of mortality among critically ill patients for predicting mortality in the
future and then further improving healthcare quality and patient outcome.
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Key Stakeholders
In this study, the major stakeholders include critically ill patients, critical care nurses,
healthcare providers, administrators of hospitals, and policy makers. Critically ill patients are the
major subjects in this study. Characteristics and risk factors of critically ill patients will be studied.
The study results will be beneficial for critically ill patients in terms of finding out risk factors
which have significant differences in mortality, then predicting mortality, and eventually reducing
mortality by eliminating these risk factors. Also, it is important for critical care nurses to know
which risk factors strongly associated with mortality in critically ill patients in order to provide
optimal care for these patients. It is vital for healthcare providers to know patterns and predictors
of mortality in critically ill patients on IMV, because this information could help healthcare
providers in further exploring and innovating methods that are effective in reducing cost of
healthcare services, length of stay, duration of ventilator, and in-hospital mortality in terms of
improving utilization of healthcare services and patient outcomes. Administrators of hospitals as
another key stakeholder could help in developing regulations and processes which facilitate
healthcare delivery and improve patient outcomes. Finally, policy makers should focus on how to
improve quality of care to overcome differences in healthcare delivery, eliminate health care
disparities, and decrease in-hospital mortality.
Concepts and Definition of Terms
Concepts and definitions of terms as applied to this study will be presented as how they are
used in this study.
Dependent Variables
Mortality data indicates numbers of deaths by place, time, and cause. WHO states that the
underlying cause of death can be defined as the disease or injury which initiates the train of morbid
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events leading directly to death, or the circumstances of the accident or violence which produced
the fatal injury. Critically ill patients on IMV are at high risk of death due to high acuity of disease.
This study will explore factors that can contribute to mortality in critically ill patients on IMV.
Independent Variables
The independent variables are elements that could influence and predict dependent
variables. In this study, independent variables are diagnoses and their mon-modifiable and
modifiable risk factors that are identified from NIS data set.
ICD-10-CM. ICD-10-CM is an abbreviation of International Classification of Diseases,
Tenth Revision, Clinical Modification. The ICD-10-CM is a morbidity classification for
classifying diagnoses and reasons for visits in all American health care settings. The ICD-10-CM
system is a great reflection of current medical practices that will help improve the delivery of
health care and billing as well as the evaluation of patient safety and outcomes. In this study, only
the first three digits of the code range will be selected and studied.
Diagnosis Related Groups. Diagnosis-related groups (DRGs) are a classification of hospital
case types into groups expected to have similar hospital resource use. Medicare uses this
classification to pay for inpatient hospital care. The groupings are based on diagnoses, procedures,
age, sex, and the presence of complications or comorbidities.
Risk factors. They are conditions that increase the risk of developing a disease. Nonmodifiable risk factors are factors that individuals cannot take measures to change. For example,
patient demographic characteristics, age, gender, and race are non-modifiable risk factors in this
study.
Modifiable risk factors refer to factors that individuals can take measures to change, such
as malnutrition, obesity, alcohol use, and nicotine, cocaine use, and opioid use.
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Theoretical Framework
Framework of this study is based on the Neuman System Model, Seventh-day Adventist
(SDA) Framework for Nursing Education Practice, and American Association of Critical Care
Nurses (AACN) Synergy Model. The Neuman System Model reflects the nature of human beings
as open systems in interaction with each other and with the environment. Neuman stated that a
person could be characterized by five variables, such as physiological, psychological, sociocultural, spiritual, and developmental variables, that are encountered continuously with intra-,
inter-, and extra-personal stressors (Neuman & Fawcett, 2011). These stressors can affect the
patient’s lines of defense which are including three types, such as the flexible line of defense, the
normal line of defense, and the line of resistance. Neuman and Fawcett also described that nursing
practice is prevention as intervention with nursing care at three levels of primary, secondary, and
tertiary prevention. This model focuses on both physical and mental health and the holistic care of
the patient. For the critically ill patients, the main reason for requiring IMV is due to inability to
maintain airway and need of airway protection. The primary prevention for these patients is to
monitor respiratory distress signs and blood gases. The secondary prevention is to intubate patients
for maintaining airway and monitor ventilator parameters. Finally, the tertiary prevention is used
for discharge planning in terms of patient’s ongoing needs (Fullbrook, 1991). In this study, all
intra-, inter-, and extra-personal stressors are studied in the critically ill patients’ population.
SDA Framework for Nursing Education Practice (Jones et al, 2017) states that God is the
Supreme Being, the Creator and Sustainer of life. Caring, connecting, and empowering are three
main concepts of nursing practice in this model. First, caring reflects the heart of nursing practice
that emphasis on caring beyond the ordinary by taking care of patients with compassion, empathy,
and respect. Second, nurses connect with patients through mainly authentic presence, therapeutic
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communication, touch, and prayer. Nurses are also mentors and advocates for patients. Finally,
empowering patients are demonstrated by encouraging, inspiring, and motivating patients in order
to promote heath. Nurses, as mediators, connect patients with God and provide Christ-centered
excellence in care for patients. Ultimately, nursing practice is to provide patient-centered care and
evidence-based practice through cultural competence, health promotion, informatics and
innovation, professionalism, quality and safety, and teamwork and collaboration.
AACN Synergy Model describes patient-nurse relationships and focuses on holistic care of
patients. It delineates three levels of outcomes: patient outcomes, nurse outcomes, and system
outcomes (Curley, 2007). Synergy occurs when nurses’ act in mutually engaging ways to promote
positive outcomes for patients (Kaplow, 2003). These positive outcomes occur when nurses’
competencies match with patients’ needs. Therefore, this model links patients’ characteristics and
nurses’ competencies that will result in optimal patient outcomes. In this study, characteristics and
stressors of critically ill patients on IMV will be studied in order to help advanced practice nurses
(APNs) to understand these patients’ risk factors related to mortality to further improve patient
outcomes and reduce mortality.
The Positive Feedback Loop of Critically Ill Patients and APNs
In this study, the theoretical framework is titled as “the Positive Feedback Loop of
Critically Ill Patients and APNs” (Figure 1). Risk factors of critically ill patients, patient
demographic characteristics (intra-personal stressors), disease status (intra-and inter-personal
stressors), social environment (extra-personal stressors), and discharge status (extra-personal
stressors) were studied. APNs, who believe in God and caring, connecting, and empowering their
patients who are critically ill and require mechanical ventilations, practice evidence-based and
patient-centered care by understanding these patients’ risk factors in order to improve patients’
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outcome. Once, patients’ outcomes are improved in terms of reducing mortality rate. This result
will let APNs feel rewarded and further provide excellent care for these patients. Eventually, health
care delivery is improved as well as the quality of critical care, as evidenced by reduced mortality.
This process is creating a positive feedback loop.
Figure 1
The Positive Feedback Loop of Critically Ill Patients and APNs
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Chapter II
Literature Review
This chapter presents related research studies on how the common causes of respiratory
failure correlate with the outcome of hospitalized patients on invasive mechanical ventilation by
using their non-modifiable and modifiable risk factors, patient's admission status, socioeconomic
status, resource usage information, and hospital information. The studies were selected according
to the variables that are relevant to the study. The independent variables in the study are nonmodifiable (patient demographic characteristics, such as age, gender, and race) and modifiable risk
factors (such as malnutrition, obesity and substance abuse, such as alcohol, nicotine, and opioid
use), patient’s admission status, socioeconomic status (patient’s income and primary payer),
resource usage information (total charge and length of stay), and hospital information (hospital
location and stratum). The dependent variable is mortality.
Independent Variables in this Study
Non-Modifiable Risk Factors Associated with Mortality among Patients on IMV
Non-modifiable risk factors in this study are referred to as the patient's age, gender, and
race. Santa Cruz et al. (2019) conducted a systematic review for evaluating the effects of age on
mortality in critically ill elderly individuals receiving mechanical ventilation. The study concluded
that age was associated with greater mortality in critical subjects who were receiving mechanical
ventilation.
Moreover, a retrospective, population-based cohort study aimed to examine population
level patterns of demand for critical care resources, and the characteristics, resource utilization,
and outcomes of ICU-managed adults with cystic fibrosis. The results showed that critical
predictors of short-term mortality were included age equal and more than 45 years, female gender,
and mechanical ventilation (Oud et al., 2017). The correlation between gender and mortality and
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other outcomes of critically ill patients is not too clear. Mahmood, Kamal, and Momen (2012)
studied the relationship between gender and intensive care unit (ICU) outcomes in the patients.
Among the critically ill patients, women less than 50 years of age had lower ICU mortality
compared to men, while 50 years of age or older women did not have a significant difference
compared to men. Women had higher mortality compared to men after CABG surgery and lower
mortality with COPD exacerbation. There was no difference in mortality in acute coronary
syndrome, sepsis or trauma.
Finally, the correlation between race and mortality in patients on IMV needs to be studied,
especially with the U.S population becoming more diverse nowadays. African Americans have
higher mortality from sepsis and lower rates of successful resuscitation from in-hospital and outof-hospital cardiac arrest. Moreover, Hispanic patients have higher mortality than whites after
adjustment for the severity of injury and comorbidities (Soto et al., 2013).
The Socioeconomic Status Associated with Mortality among Patients on IMV
Low socioeconomic status (SES) is associated with increased mortality from
cardiovascular disease, cancer, and trauma. A cohort study of 1,006 patients at a 24-bed surgical
ICU of a tertiary care facility in Germany showed a statistically significant relationship between
low SES and increasing length of stay in SICU among men (Bein et al., 2012). In this study,
median household income for the patient's zip code and primary insurance payer were studied.
Another study showed that mortality was associated with lowest quartile income patients
(OR = 1.6, 95% CI: 1.2-2.1) and black race (OR = 1.8, 95% CI: 1.4-2.5). Length of stay in the
lowest income quartile was longer than in patients with the highest income (p < .0001). Lower
income was significantly associated with increased stroke and mortality irrespective of race (Vogel
et al., 2018).
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Furthermore, one of the determinants of variation in mortality and intensity of care among
patients with critical illness across hospitals in the United States may be whether the patient has
health insurance. A study showed that lack of health insurance is associated with increased 30-day
mortality and decreased use of common procedures for the critically ill (Lyon SM et al., 2011).
Primary Diagnosis Associated with Mortality among Patients on IMV
Acute respiratory failure (ARF) is a frequent complication of hospitalization and the most
common reason for admission to intensive care units (Bime, 2016). The ten most common causes
of respiratory failure for indicating IMV are a septic shock, cardiopulmonary arrest, pneumonia,
chronic obstructive pulmonary disease (COPD) exacerbation, postoperative respiratory failure,
stroke, myocardial infarction, status epilepticus, acute respiratory distress syndrome (ARDS), and
drug overdose (Mahmood et al., 2013).
Both pneumonia and ARDS are type I respiratory failure due to the failure of oxygen
exchange. Several studies have suggested that mortality in patients on IMV with pneumonia, such
as severe community-acquired pneumonia (CAP), hospital-associated pneumonia (HAP), and
ventilator-associated pneumonia, were associated with high mortality rates (Hennigs et al., 2011;
Ferrer et al., 2018; Jeong et al., 2014).
Park et al. (2013) evaluated the outcome and prognostic factors of patients requiring an
invasive mechanical ventilator for acute respiratory failure, within one month of ambulatory
chemotherapy for solid cancer in a local hospital in Korea. This study found the most common
cause of acute respiratory failure was pneumonia. The intensive care unit (ICU) mortality was
68.6%, and the most common cause of death in the ICU was an uncorrected cause of acute
respiratory failure. The ventilator-associated condition group had increased hospital mortality
compared with the non-ventilator-associated condition group (19.3% vs. 6.9%; p=0.0007).
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Multivariate regression analysis identified ventilator-associated conditions as one of the predictors
of hospital mortality with an adjusted odds ratio of 2.14 (95% CI, 1.03-4.42).
ARDS is a life-threatening condition and a common cause of requiring mechanical
ventilation in critically ill patients. The incidence of ARDS in the United States estimates range
from 64.2 to 78.9 cases/100,000 person-years. The overall pooled mortality rate for all the studies
evaluated from the National Center for Biotechnology Information (NCBI) was a significant rate
of 43% (Peniston et al., 2019). Predictors of survival in critically ill patients with ARDS was
examined and found that the oxygenation index was the most accurate parameter for mortality
prediction. An oxygenation index of 15 or greater was associated with higher mortality, a longer
length of stay in ICU and hospital, and longer duration of mechanical ventilation (Balzer et al.,
2016). Another study was a milestone one since it evaluated ICU incidence and outcome of ARDS
in 50 countries across five continents. Among ICUs in 50 countries, ARDS appeared to represent a
significant public health problem globally, with some geographic variation and with very high
mortality of approximately 40%. Besides, ARDS appeared to be underrecognized and undertreated
by clinicians. These findings indicate the potential for improvement in the management of patients
with ARDS (Bellani et al., 2016).
COPD exacerbation, MI, stroke, status epilepticus, and drug overdose are type II
respiratory failures which are categorized as the nervous system, pump, airway, and neuromuscular
failure that cause hypercapnic failure as a result. Research was conducted to study the factors
associated with in-hospital mortality in patients hospitalized with acute exacerbation of COPD
during 2006–2014. This study had a large sample size of 19,679 patients. A significant relationship
between in-hospital mortality and mechanical ventilation was found (Sánchez-Muñoz et al., 2019).

21
The incidence and associated clinical outcomes of patients with acute MI who were treated
with noninvasive or invasive MV. Patients who needed to be treated invasively had poor outcomes
and a three-fold increase in the risk of in-hospital death, compared to patients who did not use MV
(Pesaro et al, 2016).
Stroke is the second most common cause of mortality worldwide. Mechanical ventilation is
frequently performed in patients with stroke. A study examined the rates of use, associated
conditions, and in-hospital mortality rates for mechanically ventilated stroke patients. In this large
population-based sample, 798,255 hospital admissions for stroke, the in-hospital mortality rate for
mechanically ventilated stroke patients was found to be 52.7%. In other words, over half of
mechanically ventilated stroke patients died in the hospital despite the fact that younger patients
were more likely to receive mechanical ventilation (Lahiri et al., 2015).
A cross sectional study was conducted to determine the in-hospital mortality of convulsive
status epilepticus in a tertiary care facility. The results showed no statistically significant
difference hospital mortality rates based on gender, history of epilepsy or history of status
epilepticus (p > 0.05). Age, however, did make a difference in hospital mortality in this group (p <
0.05). Statistical significance difference (p < 0.05) was found in age and in hospital mortality
(Kumar et al., 2016). Moreover, a retrospective comparative analysis showed that high mortality
was associated with prolonged ventilation and older age in patients with status epilepticus
(Kowalski et al., 2012).
Drug overdose could be a modifiable risk factor for patients requiring IMV. A retrospective
study aimed to evaluate the patients who are treated in a medicine toxicology intensive care unit
and required endotracheal intubation and mechanical ventilation. There was no significant
difference found between the dead and survived intoxication cases requiring mechanical
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ventilation for age, sex, admission consciousness status, blood gas pH, saturation, lactate level, and
the duration of mechanical ventilation. However, organophosphate intoxication was one of the
intoxication types requiring mechanical ventilation and have the highest mortality (Günaydın et al.,
2015).
Septic shock and cardiopulmonary arrest are type IV respiratory failure which indicates
that patients are intubated and ventilated in the process of resuscitation for the shock. A singlecenter study evaluated the factors associated with hospital mortality in renal transplant patients
admitted to the ICU with severe sepsis and septic shock. Hospital mortality in renal transplant
patients with severe sepsis and septic shock was associated with male gender and mechanical
ventilation (Carvalho et al., 2014).
A secondary analysis of three prospective, observational multicenter studies conducted in
1998, 2004 and 2010 in 927 ICUs from 40 countries was performed with the aim of describing and
comparing the changes in ventilator management and complications over time, as well as variables
associated with 28-day hospital mortality in patients receiving mechanical ventilation (MV) after
cardiac arrest. They screened 18,302 patients receiving MV for more than 12 hours during a onemonth-period. Following cardiac arrest, 812 of these patients received MV. The use of protective
and assisted mechanical ventilation was increased from 1998 to 2010; pulmonary complications
were decreased. However, 28-day hospital mortality was similar over time (Sutherasan, 2015).
Mechanical ventilation duration is another important indicator of mortality rate among
patients on IMV. A retrospective analysis study aimed to investigate the value of the APACHE II
scoring system in predicting mortality and identifying the factors affecting mortality in advancedage patients in the ICU. While mortality was associated with higher APACHE II score, longer
duration of mechanical ventilation during ICU stay was shown to increase the risk of mortality
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(DİNKCİ et al, 2017). Moreover, a multicenter cross-sectional study was conducted to compare
the prevalence, characteristics, and outcomes of MV less than 96 hours and prolonged acute MV
(PAMV) of more than 96 hours duration in a representative sample of nationwide hospital
discharges in the U.S. Actual in-hospital mortality was found to be similar between MV less than
96 hours and PAMV (at 35% and 34%, respectively). However, resource utilization differed
greatly between these two groups. Median hospital costs for MV less than 96 were $13,434
(interquartile range, $7,420 to $24,194) and for PAMV $40,903 (interquartile range, $24,905 to
$68,865). In other words, PAMV represents 39% of all MV but accounts for 64% of total MV
costs. Therefore, this study helps healthcare providers with decision-making and resource planning
in patients on IMV (Zilberberg et al., 2008).
Modifiable Risk Factors Associated with Mortality among Patients on IMV
Modifiable risk factors associated with mortality among patients on IMV include
malnutrition, obesity, alcohol use, nicotine, and opioid use and are evaluated in this study. Obesity
has been associated with increased mortality in the general population, whereas a paradoxical
relationship between higher body mass index and lower mortality has been referred to as the
obesity paradox in critically ill patients. However, it remains unknown whether a particular
subgroup is most affected. Obese patients represent a specific population in ICU. Atelectasis
formation is increased in obese patients, because of the negative effects of thoracic wall weight
and abdominal fat mass on pulmonary compliance, leading to decreased functional residual
capacity (FRC) and arterial oxygenation. This atelectasis is further exacerbated by a supine
position and further worsened after general anesthesia and mechanical ventilation. The aim of
elucidating whether obesity is associated with lower mortality in the ICU population by comparing
subjects with and without mechanical ventilation was researched. A high body mass index was
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found to be associated with low mortality in the mechanically ventilated group. However, a higher
mortality rate was found in underweight subjects in both with and without mechanical ventilation
groups (Yusuke et al., 2015).
Alcohol use disorder (AUD) is one of the common conditions in patients who require ICU
admission and is associated with a prolonged duration of mechanical ventilation. A retrospective
cohort study using the NIS database was to determine whether the presence of AUD and the
development of alcohol withdrawal were associated with increased use and duration of mechanical
ventilation. AUD was found to be associated with an increased risk of requiring mechanical
ventilation (13.7 vs. 8.1%, odds ratio 1.49, 95% confidence interval [1.414; 1.574], p < 0.0001) but
was not associated with a prolonged duration of mechanical ventilation. However, the presence of
alcohol withdrawal was associated with a longer duration of mechanical ventilation (57 vs. 47%,
odds ratio 1.48, 95% confidence interval [1.266; 1.724], p < 0.0001) (de Wit et al., 2007).
A study was to evaluate the impact of sudden nicotine abstinence on the development of
agitation and delirium, and on morbidities and outcomes in critically ill patients who required
mechanical ventilation. The results showed that the incidence of agitation increased significantly in
the smoker group versus non-smoker group (64% versus 32%; P = 0.0005). Nicotine abstinence
was associated with higher incidences of self-removal of tubes and catheters and with more
interventions, including the need for supplemental sedatives, analgesics, neuroleptics, and physical
restraints (Lucidarme et al., 2010).
Opioid overdose is another common cause for a patient requiring intensive care and IMV.
A research study was conducted to determine the clinical pattern of a severe drug overdose as well
as the factors influencing the duration of intensive care. The study found out that the most common
drug overdose was an opioid (65.5%) with 62% of patients requiring mechanical ventilation. The
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presence of hypotension and requirement of mechanical ventilation on the first two days of
hospitalization were responsible for prolonged ICU stay (Jayakrishnan et al., 2012)
Admission Status Associated with Mortality among Patients on IMV
The elements of admission status associated with mortality among patients on IMV are
defined as admission day (weekdays versus weekend), an indicator of emergency department
(ED), and admission type (elective versus non-elective). Admission day refers to admission on the
weekend (Saturday and Sunday) or weekdays (Monday to Friday). According to one of the
statistical briefs from HCUP, a larger share of the weekend than weekday admissions were
admitted through the emergency department (65% weekend and 44% weekday) or died in-hospital
(2.4% weekend and 1.8% weekday). Hospital admission on weekends was associated with
increased mortality, greater lengths of stay, and delay in performance of procedures for certain
conditions, including cardiac arrest, heart attack, stroke, and upper gastrointestinal hemorrhage
(Ryan et al., 2010).
Moreover, although EDs are responsible for the initial care of critically ill patients and the
amount of critical care provided in the ED is increasing, few data examine mechanical ventilation
in the ED. A study showed that patients who required mechanical ventilation in ED experience
high mortality and were at high risk of ventilator-associated lung injury and ARDS (Stephens et
al., 2019). Finally, inpatient outcomes may differ in elective versus non-elective admission.
Existing literature regarding the relationship between mortality and admission type in patients on
IMV is minimal. A study showed that non-elective ventral hernia repair was associated with a
significantly higher rate of morbidity (22.5% vs. 18.8%, p<0.01) and mortality (1.8% vs. 0.52,
p<0.01) than elective repair (Simon et al., 2015).
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Hospital Information Associated with Mortality among Patients on IMV
Higher utilization of ICUs tended to occur in hospitals that were large, private/for profit,
located in metropolitan areas, trained medical students, and had a high-level trauma center (Barrett
et al., 2011). Hospital Information includes hospital location and stratum. Bucholz et al. (2016)
conducted a study of 119,735 patients with acute myocardial infarction admitted to 1,824
hospitals. The result showed that patients treated at high-performing hospitals lived between 1.14
and 0.84 years longer than patients treated at low-performing hospitals.
Discharge Status Associated with Mortality among Patients on IMV
AHRQ states that patient deaths in hospitals cost nearly $20 billion. The average cost for
each Medicaid patient who died was $38,939. Respiratory failure, which was the primary reason
for patients requiring IMV accounted for 8% of all deaths. The mean cost per discharge of IMV
was $24,917 with an inpatient mortality rate of 25.18% (Barrett et al., 2011). Hospital length-ofstay (LOS) has been traditionally used as a surrogate to evaluate healthcare efficiency, as well as
hospital resource utilization. Prolonged LOS is associated with increased mortality and other poor
outcomes. The risk of mortality in patients with prolonged LOS increased more than threefold
(3.7% vs. 13.3%, p < 0.001) (Marfil-Garza et al., 2018). Chen et al. (2016) found that prolonged
LOS was one of the significant factors associated with high mortality in patients with hepatitis A
virus.

27
Identify the Gaps
Literature reviews showed that there were still gaps in the science for predicting mortality
among in-hospital patients requiring IMV. This scholarly project had a sense of urgency associated
with it. First, in this literature review, I explored the relationship among selected antecedents.
Included in the selected antecedents were non-modifiable (patient demographic characteristics,
such as age, gender, and race) and modifiable risk factors (such as obesity, high blood pressure,
and substance abuse, such as alcohol, nicotine, and opioid use), and patient’s admission status,
socioeconomic status (patient’s income and primary payer), resource usage information (total
charge and length of stay), and hospital information (hospital location and stratum) on mortality
among in-hospital patients requiring IMV. These were the same variables that were identified in
the NIS that was conducted by the federal government. It is vital for nurse practitioners in a critical
care setting to know if there is a significant relationship between these antecedents and mechanical
ventilation to aid the decision-making processes and improve patient outcomes.
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Chapter III
Methodology
Introduction of National Inpatient Sample
A non-experimental, retrospective, descriptive-comparative correlational design was
planned for the secondary analysis based on a database from the Nationwide Inpatient Sample
(NIS), developed by the Agency for Healthcare Research and Quality (AHRQ). The NIS is the
largest nationwide database, including all-payer inpatient hospitals in each state. The NIS database
for the year 2016 was sampled from the State Inpatient Databases, which included all inpatient
data currently contributed to Healthcare Cost and Utilization Study (HCUP). The 2016 NIS
sampling frame included data from 47 statewide data organizations (46 states plus the District of
Columbia), covering more than 97% of the U.S. population and included more than 96% of
discharges from the U.S. community hospitals. Target hospitals consisted of a 20% stratified
sample of community hospitals that were non-federal, acute-care, and general hospitals in the U.S.
The sampling strata relied on five hospital characteristics. Geographic region (East North Central,
West North Central, South Atlantic, East South Central, West South Central, Mountain, or
Pacific), control (public, private, or not-for-profit), location (urban or rural setting), teaching status
(teaching or non-teaching), and bed size (small, medium, or large) (HCUP Central Distributor,
2016). The population focus of the secondary analyses was hospitalized patients on IMV. Before
the principal investigator was able to purchase this database (NIS of 2016), HCUP Data Use
Agreement (DUA) Training was required. On March 22nd, 2018, the principal investigator
completed the training and a certificate of completion was issued (code: HCUP-389K63DYX).
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Purpose and Study Variables of the Study
This study aimed to evaluate and predict the mortality rate of hospitalized patients on
invasive mechanical ventilation by examining their risk factors, such as patient demographic
characteristics, diseases status, social environment, and discharge status. Specifically, the study
was an attempt to: 1) describe the patient demographic characteristics (non-modifiable risk factors
and socioeconomic status), disease status (principal physical diagnosis, length of IMV, modifiable
risk factors), social environment (admission status and hospital stratum), and discharge status (total
cost of hospital service and length of stay); 2) determine the relationship between mortality and
patient demographic characteristics among patients on IMV; 3) determine the relationship between
mortality and disease status; 4) determine the relationship between mortality and social
environment and hospital stratum; 5) determine the relationship between mortality and discharge
status; 6) predict the probability of mortality among patients on IMV as related to the patient
demographic characteristics, diseases status, social environment and discharge status.
The independent variables in this study were the patient demographic characteristics (nonmodifiable risk factors, such as age, age group, gender, and race; socioeconomic status, such as
patient income and primary expected payer), disease status (principal physical diagnosis, length of
IMV, modifiable risk factors), social environment (admission status, such as admission days,
indication of ED services, and elective versus non-elective admission; hospital stratum such as
region, control, location/teaching, and bed size), and discharge status (total cost of hospital service
and length of stay). The dependent variable was mortality.
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Sampling Procedure and Design of the Study
The NIS database in 2016 has 7.14 million inpatient samples. First, exclusions were made
for missing data for age and individuals younger than 19 years old. Then, patients requiring
invasive mechanical ventilation were identified by using diagnosis-related groups (DRGs). DRG
classifies hospital cases into groups that are clinically similar and are expected to use similar
amounts of hospital resources. Only DRG code 207 (respiratory system diagnosis with ventilator
support more than 96 hours) and 208 (respiratory system diagnosis with ventilator support equal or
less than 96 hours) were selected. The NIS database (2016) contains up to 30 diagnoses for each
patient. For this study, only the top two diagnoses were studied. The study excluded any samples
which had less than two top diagnoses, neonatal or maternal diagnosis, congenital malformation,
genetic disorder, any cancers (neoplasms), immune-compromised (HIV, TB, and viral hepatitis),
any external causes of morbidity, injuries, and poisons. Then, modifiable risk factors were
identified by only selecting secondary diagnoses as malnutrition (ICD 10 code E40, E44, E46),
overweight (ICD 10 code E66), and substance abuse (nicotine [ICD 10 code F17], alcohol [ICD 10
code F10], and opioids [ICD 10 code F11]). Finally, any principal physical diagnosis with an
overall sample incidence less than 10 were excluded. The reason for this final exclusion was
because one of requirements for chi-square testing which was used for data analysis is to have no
more than 20% of the cells that have expected frequencies of less than five. A final sample size of
601 subjects was obtained following all inclusions and exclusions.
Description of Measures in the Study
In this study, the dependent variable was mortality. The independent variables in this study
are as listed:
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Dependent Variables
Mortality. Mortality was a binary categorical dependent variable in this study. This variable
“died,” was coded as 0 (did not die during hospitalization) and 1 (died during hospitalization).
Independent Variables
Patient Demographic Characteristics. This included non-modifiable risk factors, such as
age, gender, and race, and socioeconomic statues such as patient’s income and primary payer.
Age. In this study, age was a continuous variable.
Gender. Gender was classified and coded as male and female. The nominal scale
represented this variable with code of 0 (male) and 1 (female).
Race. This variable, "race," was coded as 1 (white), 2 (black), 3 (Hispanic), 4 (Asian or
Pacific Islander), 5 (Native American), and 6 (other).
Income. Median household income for patient’s zip code. The median income quartiles
were defined as: 1 ($1 - $42,999); 2 ($43,000 - $53,999); 3 ($54,000 - 70,999); and 4 ($71,000 or
more).
Primary Expected Payer. This was coded as (1) Medicare, (2) Medicaid, (3) private
including HMO, (4) self-pay, (5) no charge, (6) other.
Disease Status. This included principal physical diagnosis, length of IMV, and modifiable
risk factors, such as malnutrition, overweight, and substance abuse.
Principal Physical Diagnosis. Primary physical diagnosis was the first ICD-10-CM code
of the patient in the NIS database. For each patient, the NIS database has up to 30 diagnoses. In
this study, only the top two diagnoses were utilized.
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Length of IMV. In this study, only DRG code 207 (respiratory system diagnosis with
ventilator support more than 96 hours) and 208 (respiratory system diagnosis with ventilator
support equal or less than 96 hours) were selected since they are indicators of patients on IMV.
Modifiable Risk Factors. This includes malnutrition (ICD 10 code E40, E44, E46),
overweight (ICD 10 code E66), and substance abuse (nicotine [ICD 10 code F17], alcohol [ICD 10
code F10], and opioids [ICD 10 code F11]).
Social Environment. This included the patient’s admission status (weekend vs. weekdays,
an indication of ED, and elective vs. non-elective) and hospital stratum (region, control,
location/teaching, and bed size)
Admission Day. This variable, “weekend," was coded as 0 (admission on Monday to
Friday) and 1 (admission on Saturday and Sunday).
Indicator of the Emergency Department. This variable, “HCUP_ED”, was coded as 0 (no
indication for ED) and 1 (indication for ED).
Admission Type. This variable, “elective”, is coded as 1 (elective admission) and 0 (nonelective admission).
Hospital Stratum, a four-digit stratum identifier, is used to classify hospitals, based on
geographic region, control, location/teaching status, and bed size. Stratum information is also
contained in the Hospital Weights file (NIS_STRATUM - Stratum used to post-stratify hospital,
2008). Geographic region (aka census division) has nine codes: (1) New England, (2) Middle
Atlantic, (3) East North Central, (4) West North Central, (5) South Atlantic, (6) East South
Central, (7) West South Central, (8) Mountain, and (9) Pacific. Control has three codes: (1)
government, nonfederal, (2) private, not-for-profit, (3) private, investor-owned. Location/teaching

33
has three codes: (1) rural, (2) urban nonteaching, (3) urban teaching. Finally, bedside also has three
codes: (1) small, (2) medium, (3) large.
Discharge Status. This includes the total cost of hospital service and length of stay. Both of
variables were continuous variables.
Data Analysis Plan of the Project
In this scholarly project, multivariate logistic regression as primary analysis was utilized to
test the relationships and predictors of mortality in independent variables (patient demographic
characteristics, disease status, social environment, and discharge status) and dependent variable
(mortality) among critically ill patients on IMV. Moreover, descriptive statistics were used for
summarizing baseline characteristics of both dependent and independent variables. Continuous
variables were expressed as mean (standard deviation) or if not normally distributed, median
where appropriate, such as age, total cost of hospital service and length of stay (LOS). Categorical
variables were expressed as proportions. Multivariate logistic regression was used to determine the
independent variables associated with mortality. Odds ratios (OR) and 95% confidence intervals
(95% CI) of the associated correlates were calculated and ranked by their absolute standardizedbeta-coefficient to determine their relative contribution to the risk of mortality. All the data were
reviewed and analyzed using the IBM SPSS version 26 statistical software.
Research Question 1
What is the relationship between mortality and patient demographic characteristics (nonmodifiable risk factors and socioeconomic status) among patients on IMV?
To answer the first question, chi-square analysis was used to examine if there are the
significant differences between mortality based on non-modifiable risk factors and socioeconomic
status. An independent-sample t-test was used to determine if there was a significant difference
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between mortality based on continuous variables, such as age. A series of simple logistic models
(binary logistic regression) was conducted to examine each independent variable separately to
predict the relationship between the independent and dependent variables.
Research Question 2
What is the correlation between mortality and disease status (principal physical diagnosis,
length of IMV, and modifiable risk factors) among patients on IMV?
To answer the second question, chi-square analysis was used to examine if there were
significant differences between mortality for principal physical diagnosis, length of IMV, and
modifiable risk factors. A series of binary logistic regressions were conducted to predict the
relationship between principal physical diagnosis, length of IMV, and modifiable risk factors and
mortality.
Research Question 3
What is the correlation between mortality and social environment (admission status and
hospital stratum) among patients on IMV?
To answer the third question, chi-square analysis was used to examine if there were
significant differences between mortality based on admission status and hospital status. A series of
binary logistic regressions were conducted to show the relationship between predictors (admission
status and hospital status) and mortality.
Research Question 4
What is the correlation between mortality and discharge status (total cost of service and
LOS) among critically ill patients on IMV?
To answer the fourth question, an independent-sample t-test was used to study if there is a
significant difference between mortality and a continuous variable, such as total cost of service and
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LOS. A series of binary logistic regressions were conducted to predict the relationship between
total cost of service and LOS and modifiable risk factors and mortality.
Research Question 5
What are the predictors of mortality among critically ill patients on IMV as related to the
patient demographic characteristics (non-modifiable risk factors and socioeconomic status),
disease status (principal physical diagnosis, length of IMV, and modifiable risk factors), social
environment (admission status and hospital stratum) and discharge status (total cost of service and
LOS)?
The binary logistic regression was utilized to determine if patient demographic
characteristics, diseases status, social environment, discharge status significantly predicted
mortality among critically ill patients on IMV.
Protection of Human Subjects
Since 1991, the Federal Policy for the Protection of Human Subjects, known as the
"Common Rule," has protected the identifiable private information of human subjects who
participate in federally funded research initiatives (Federal Policy for the Protection of Human
Subjects, 2017). In this project, there are no additional physical or psychological risks, nor
benefits, as a result of this secondary analysis. The confidentiality of participants is assured by
removing patients’ names, identification numbers, and hospital numbers. The results are reported
in an aggregate format, and no individual patient are identified in the presentation or publication of
this study. This project was reviewed and IRB approval was given.
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Chapter IV
Results
Purpose of the Study
The purpose of this study was to evaluate and predict how mortality rate correlates with
certain risk factors of hospitalized patients on invasive mechanical ventilation (IMV) by examining
their risk factors, such as patient demographic characteristics, diseases status, social environment,
and discharge status. Specifically, the study was an attempt to: 1) describe the patient demographic
characteristics (non-modifiable risk factors, such as age, age group, gender, and race;
socioeconomic status, such as patient income and primary expected payer), disease status
(principal physical diagnosis, length of IMV, modifiable risk factors), social environment
(admission status, such as admission days, indication of ED services, and elective versus nonelective admission; hospital stratum such as region, control, location/teaching, and bed size), and
discharge status (total cost of hospital service and length of stay); 2) determine the relationship
between mortality and patient demographic characteristics among patients on IMV; 3) determine
the relationship between mortality and disease status; 4) determine the relationship between
mortality and social environment and hospital stratum; 5) determine the relationship between
mortality and discharge status; 6) predict the probability of mortality among patients on IMV as
related to the patient demographic characteristics, diseases status, social environment and
discharge status.
The purpose of this chapter is to present the findings from the analysis of the data related to
the NIS (2016) dataset and provide a description of the sample used. Specifically, this chapter
contains two sections to present the results of the statistical analysis.
The first section focuses on overall descriptive statistics of both independent and dependent
variables. The descriptive statistics for independent variables of the patient demographic
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characteristics, diseases status, social environment, and discharge status among patients on IMV
are presented to provide basic information. Moreover, dependent variable, mortality, is covered in
the descriptive statistics.
In the second section, the five research questions from chapter one are answered. Specially,
results of the logistic regression, chi-square test of independence and association, and independentsample T-test analyses are resented. The statistical program SPSS 26.0 for Windows (SPSS Inc.,
Armonk, NY, USA) was used for all the statistical analysis in this study. A p value < 0.05 was
considered statistically significant.
Section One: Description of Study Sample of Critical Ill Patients on IMV
Descriptive Statistics of Patient Demographic Characteristics
The sample consisted of 601 critically ill patients on IMV. For the patient demographic
characteristics as shown in Table 1, the average age was 60.7 years (SD=16.6). Baby boomers
(born in 1946-1964) were the most prominent age group 43.4% (n=261). Most of the subjects
(51.9%) were males (n=312) and 48.1% (n=289) were female. Most important, percentage of
patients on ventilators who died were progressively higher for each generation of age – 3.6%
(millennial), 8.7% (generation X), 14.9% (baby boomers), 25.5% (silent generation), and 33.3%
(greatest generation). The majority race among these subjects was white 72.9% (n=438) followed
by black 16% (n=96). Percentage of IMV patients who died was highest (19.4%) for white versus
Hispanic (8.6%), Black (8.3%), and Asian (7.7%). However, total of mortality rate was higher
(24.6%) in all minority groups combined than white (19.4%).
The largest portion, 36.3% (n=218) of patients on IMV had a median household income
between $1 and $42,999, followed by $43,000 to $53,999 at 27.3% (n=64). Mortality rate among
different levels of income was not too much different from each other. More than half of the
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patients on IMV used Medicare 54.4% (n=327) as the primary expected payer followed by
Medicaid 23.3% (n=140). Percentage of IMV patients who died was highest for Medicare (21.7%)
versus private/HMO (13%), self-pay (12.8%), and Medicaid (7.1%).
Table 1
Descriptive Statistics of Patient Demographic Characteristics (N=601)
Variables

Freq. % / M
(SD)

Age

601

Died During Hospitalization
Mortality
Mortality rate
rate (%
[%within total
within each
died during
subcategory) hospitalization
(n=97)]
504 16.1%
16.1%

Yes No

100/60.7 97
(16.6)

Age Group
Millennial (1981-2000)
56
9.3
2
54 3.6%
Generation X (1965104
17.3
9
95 8.7%
1980)
Baby Boomers (1946261
43.4
39 222 14.9%
1964)
Silent Generation (1927- 165
27.5
42 123 25.5%
1945)
Greatest Generation
15
2.5
5
10 33.3%
(>1926)
Sex
Male
312
51.9
54 258 17.3%
Female
289
48.1
43 246 14.9%
Race
White
438
72.9
85 353 19.4%
Black
96
16.0
8
88 8.3%
Hispanic
35
5.8
3
32 8.6%
Asian or Pacific Islander 13
2.2
1
12 7.7%
Native American
8
1.3
0
8
0%
Other
11
1.8
0
11 0%
Median household income national quartile for patient ZIP Code
$1-$42,999
218
36.3
31 187 14.2%
$43,000-$53,999
164
27.3
29 135 17.7%
$54,000-$70,999
144
24.0
24 120 16.7%
$71,000 or more
75
12.5
13 62 17.3%
Primary expected payer
Medicare
327
54.4
71 256 21.7%
Medicaid
140
23.3
10 130 7.1%

2.1%
9.3%
40.2%
43.3%
5.2%
55.7%
44.3%
87.6%
8.2%
3.1%
1.0%
0%
0%
32.0%
29.9%
24.7%
13.4%
73.2%
10.3%
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Private including HMO
77
12.8
10 67 13.0%
Self-pay
39
6.5
5
34 12.8%
No charge
2
0.3
0
2
0%
Other
16
2.7
1
15 6.3%
Note. SD = Standard Deviation; Freq=frequency; %=percentage; M=Mean

10.3%
5.2%
0%
1.0%

Descriptive Statistics of Patients’ Disease Status
For descriptive statistics of patients’ disease status, three major components are presented
in Table 2: principal physical diagnosis, length of IMV, and modifiable risk factors (secondary
physical diagnosis). After the selection process which was described in chapter III, six principal
physical diagnoses were found. Respiratory failure 75.5% (n = 454) was the most prominent
principal physical diagnosis followed by COPD at 7.7% (n = 46). Percentage of IMV patients who
died was highest for Pulmonary embolus (PE) (45.5%) versus pneumonia (33.3%), and aspiration
pneumonia (28.6%). Most of patients on IMV 70.7% (n = 425) had short ventilation time which
was defined as less than or equal to 96 hours. Mortality for those with short ventilation times (< 96
hours) was higher than for those with longer IMV (96 hours or more), 21.6% and 13.9%
respectively. More than half of patients, 54.2% (n = 326), had malnutrition as one of their
modifiable risk factors (secondary physical diagnosis) followed by alcohol abuse 20.5% (n = 123).
Percentage of IMV patients who died was highest for malnutrition (20.6%) versus nicotine abuse
(19.7%), obesity (14.7%), and opioids abuse (11.1%).
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Table 2
Descriptive Statistics of Patients’ Disease Status
Died During Hospitalization
Freq.

%

Yes No

Mortality
rate (%
within each
subcategory)

Mortality rate
[%within total
died during
hospitalization
(n=97)]

11
42
46
35

1.8
7.0
7.7
5.8

5
14
5
10

6
28
41
25

45.5%
33.3%
10.9%
28.6%

5.2%
14.4%
5.2%
10.3%

13

2.2

3

10

23.1%

3.1%

454

75.5

60

394 13.2%

61.9%

> 96 hours: Ventilator
176
29.3 38 138 21.6%
support
<= 96 hours: ventilator
425
70.7 59 366 13.9%
Support
Modifiable Risk Factors (aka Secondary physical diagnosis)

39.2%

Principal Physical Diagnosis
Pulmonary Embolism
Pneumonia
COPD
Pneumonitis due to solids
and liquids
Intra & post-procedural
complications of resp. system
Respiratory failure
Length of IMV

60.8%

Malnutrition

326

54.2

67

259 20.6%

69.1%

Overweight and Obesity

68

11.3

10

58

10.3%

Alcohol Abuse

123

20.5

5

118 4.1%

5.2%

Nicotine abuse

66

11.0

13

53

19.7%

13.4%

Opioids Abuse

18

3.0

2

16

11.1%

2.1%

14.7%

Note: Freq=frequency; %=percentage
Descriptive Statistics of Patients’ Social Environment
For descriptive statistics of patients’ social environment, four major components were
studied: admission day, indication of ED service, elective versus non-elective admission, and
hospital stratum (region, control, location/teaching, and bed size). As shown in Table 3, most of
the admission days were on weekdays (Monday to Friday) 72.5% (n = 436) followed by weekend
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admission 27.5% (n = 165). Weekends admissions had a higher mortality rate than weekday
admission (20% versus 14.7%). Most of patients on IMV indicated ED services 74.2% (n = 446)
compared to no ED service 25.8% (n = 155). Indicated ED services had a higher mortality rate
than no indicated ED services (17.7% versus 11.6%). Also, for elective versus non-elective
admission, most of patients were non-elective admission at 93.5% (n = 562) compared to elective
admission at 6.5% (n= 39). Elective admission had a higher mortality rate than non-elective
admission (17.9% versus 16%). In terms of hospital stratum, most of patients on IMV were at a
hospital in the East North Central region 31.3% (n =188), private, non-for-profit 75.7% (n = 455),
urban teaching 61.1% (n = 367), and large bed size 49.6% (n = 298). Patients on IMV had a higher
mortality rate when the admitting hospitals were west north central (24.1%), private, non-for-profit
(17.4%), urban non-teaching (17.4%), and medium size (19.1%) hospitals.
Table 3
Descriptive Statistics of Patients’ Social Environment
Freq. %

Admission day
Admission on Monday to Friday
Admission on Saturday to Sunday
Indication of ED service
No ED
Yes ED
Elective versus non-elective
Non-elective admission
Elective Admission
Stratum region
New England
Middle Atlantic
East North Central
West North Central

Died During Hospitalization
Yes No Mortality
Mortality rate
rate (%
[%within total
within each
died during
subcategory) hospitalization
(n=97)]

436
165

72.5 64
27.5 33

372 14.7%
132 20.0%

66.0%
34.0%

155
446

25.8 18
74.2 79

137 11.6%
367 17.7%

18.6%
81.4%

562
39

93.5 90
6.5 7

472 16.0%
32 17.9%

92.8%
7.2%

23
68
188
29

3.8
11.3
31.3
4.8

17
54
160
22

6.2%
14.4%
28.9%
7.2%

6
14
28
7

26.1%
20.6%
14.9%
24.1%
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South Atlantic
East South Central
West South Central
Mountain
Pacific
Stratum control
Government, non-federal (public)

94
55
44
29
71

15.6
9.2
7.3
4.8
11.8

61

Private, non-for-profit (Voluntary)
Private, investor-owned
(proprietary)
Stratum location/teaching
Rural
Urban nonteaching
Urban teaching
Stratum bed size
Small
Medium
Large
Note: Freq=frequency; %=percentage

17
9
3
2
11

77
46
41
27
60

18.1%
16.4%
6.8%
6.9%
15.5%

17.5%
9.3%
3.1%
2.1%
11.3%

10.1 4

57

6.6%

4.1%

455
85

75.7 79
14.1 14

376 17.4%
71 16.5%

81.4%
14.4%

44
190
367

7.3 5
31.6 33
61.1 59

39 11.4%
157 17.4%
308 16.1%

5.2%
34.0%
60.8%

115
188
298

19.1 17
31.3 36
49.6 44

98 14.8%
152 19.1%
254 14.8%

17.5%
37.1%
45.4%

Descriptive Statistics of Patients’ Discharge Status And Mortality Rate
For descriptive statistics of patients’ discharge status, the total charge of hospital service
and length of stay (LOS) were studied (Table 4). The mean total charge of hospital service among
patients on IMV after discharge was $101,291 (SD = 127,532). The mean length of stay among
patients on IMV was 9.5 days (SD = 11) (Table 4). Out of 601 patients on IMV, 97 patients died.
Therefore, the mortality rate was 16%.
Table 4
Descriptive Statistics of Patients’ Discharge Status
Frequency
Percentage (%)
Mean (SD)
Total charge of hospital service
601
100%
101,291 (127,532)
Length of stay
601
100%
9.5 (11)
Note. SD = Standard Deviation; Died during hospitalization=97; Didn’t die during
hospitalization=504; Mortality rate =16.1%
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Section Two: Answers of Research Questions
Four different statistical analysis were used to answer research questions. Chi-square test of
independence and chi-square test of association were used to study the relationships between
mortality and categorical variables. Basic requirements were met to run a chi-square test. The
expected frequencies for each cell should be at least one, and no more than 20% of the cells should
have expected frequencies of less than five (Cronk, 2014). Any violations of the test assumptions
are reported in conjunction with the findings.
An independent-sample t-test was used to study mortality and continuous variables. Before
the independent-samples t-test was conducted, several assumptions were checked. First,
homogeneity of variances was assumed. Second, independence of observations was assumed.
Third, one continuous variable and one categorical variable were included. In this study sample
sizes were sufficiently large, so the assumption of normality was not a serious issue. Due to the
large difference between the number of patients who died during hospitalization compared to those
who did not, the variances cannot be considered equal. This indicated that the set of statistics
labeled “equal variances not assumed” t-test would be used to report results (Elliott & Woodward ,
2016).
Finally, binary logistic regression was used to predict the probability of mortality among
patients on IMV as related to the patient demographic characteristics (non-modifiable risk factors
and socioeconomic status), disease status (principal physical diagnosis, length of IMV, and
modifiable risk factors), social environment (admission status and hospital status) and discharge
status (total cost of service and LOS).

44
Research Question 1
What is the relationship between mortality and patient demographic characteristics (nonmodifiable risk factors and socioeconomic status) among patients on IMV?
To answer this question, a chi-square test of independence for relationship was used to
examine relationships between mortality and age group, race, patient’s income, and primary
expected payer. A chi-square test for association (2 x 2) for relationship was used to examine the
relationship between mortality and gender. An independent samples t-test for relationship was used
to examine the relationship between mortality and age. Finally, a series of binary logistic
regressions were utilized to determine if patient demographic characteristics could predict
mortality.
Mortality and Non-Modifiable Risk Factors
Non-modifiable risk factors include age, age group, gender, and race. The relationship
between mortality and age was analyzed by using an independent sample t-test. As shown in Table
5, the result of the t-test indicated that there was a statistically significant difference between the
mean age of patients on IMV who died and those who did not die during hospitalization (t = -6.6,
df = 161.3, p < 0.001). Patients on IMV who died during hospitalization had a significantly older
age (M = 69.3, SD = 13.2) than those who did not die during hospitalization (M = 59.1, SD =
16.7). As indicated by the chi-square test, the difference in mortality between age groups was
statistically significant (χ2 = 24.97, p < 0.001) as table 6 showed. Only one cell (10%) had an
expected count less than five. Therefore, the result was not violating the rule which requires more
than 20% of the cells to have expected frequencies of less than five (Cronk, 2014). Differences in
mortality based on gender were not statistically significant (χ2 = 0.65, p = 0.42). And, all cells had
expected cells count more than five. Difference in mortality based on race was statistically
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significant (χ2 = 13.6, p = 0.02). However, there were three cells (25%) with expected count less
than five and two cells were equal to zero. Therefore, the result did not meet the assumption in
which the expected frequencies for each cell should be at least one, and no more than 20% of the
cells should have expected frequencies of less than five (Cronk, 2014).
Mortality and Socioeconomic Status
Patient’s income and primary expected payer were two components of socioeconomic
status (see Table 6). As indicated by the chi-square test, there was no statistically significant
relationship between median household income national quartile for patient zip code and mortality
(χ2 = 0.99, p = 0.80). The difference in mortality rates based on primary expected payer were
statistically significant (χ2 = 18.3, p = 0.003). However, there were three cells (25%) with expected
count less than five, and one cell was equal zero. Therefore, the result did not meet the assumption
which the expected frequencies for each cell should be at least one, and no more than 20% of the
cells should have expected frequencies of less than five (Cronk, 2014).
Table 5
Independent Sample T-Test for the Relationship Between Mortality and Age among Critically Ill
Patients on IMV
t-test for Equality of Means

Died During
hospitalization

Sample
size (n)

Y 97

Mean

69.3

Standard
deviation
(SD)

t

-6.6
59.1

(2tailed)

Mean
diff.

Std
error
diff.

95% confidence
interval of the
diff.
Lower

Upper

-13.2

-7.1

13.2

Age
N 504

df

Sig.

161.3

0.00

-10.2

1.5

16.7

Note: t=t-test for equality of means; df = degree of freedom; Sig. =significance; diff. = difference;
t, df, and sig. were reported as equal variances not assumed.
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Table 6
Chi-Square Test for the Relationship Between Mortality and Patient Demographic Characteristics
(Non-Modifiable Risk Factors and Socioeconomic Status) among Patients on IMV
Died during hospital
Yes
No
N (%)
N (%)

χ2
p
Variables
Age Group
Millennial (1981-2000)
2 (0.3%)
54 (9.0%)
24.97
0.00
Generation X (1965-1980)
9 (1.5%)
95 (15.8%)
Baby Boomers (1946-1964) 39 (6.5%)
222 (36.9%)
Silent Generation (192742 (7.0%)
123 (20.5%)
1945)
Greatest Generation (>1926) 5 (0.8%)
10 (1.7%)
Sex
Male
54 (9.0%)
258 (42.9%)
0.65
0.42
Female
43 (7.2%)
246 (40.9%)
Race
White
85 (%)
353 (58.7%)
13.60
0.02
Black
8 (1.3%)
88 (14.6%)
Hispanic
3 (0.5%)
32 (5.3%)
Asian or Pacific Islander
1 (0.2%)
12 (2.0%)
Native American
0 (0%)
8 (1.3%)
Other
0 (0%)
11 (1.8%)
Median household income national quartile for patient ZIP Code
$1-$42,999
31 (5.2%)
187 (31.1%)
0.99
0.80
$43,000-$53,999
29 (4.8%)
135 (22.5%)
$54,000-$70,999
24 (4.0%)
120 (20.0%)
$71,000 or more
13 (2.2%)
62 (10.3%)
Primary expected payer
Medicare
71 (11.8%)
256 (42.6%)
18.30
0.003
Medicaid
10 (1.7%)
130 (21.6%)
Private including HMO
10 (1.7%)
67 (11.1%)
Self-pay
5 (0.8%)
34 (5.7%)
No charge
0 (0%)
2 (0.3%)
Other
1 (0.2%)
15 (2.5%)
2
Note: χ = Pearson Chi-Square; p = significance; p < 0.05 is statistically significance
As Table 7 shows, only age, millennial, and generation X were significant different to
predict mortality. Increasing age was associated with an increased likelihood of death during
hospitalization among patients on IMV (OR= 1.05, CI =1.03 – 1.06, p < 0.001), but both
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millennial (OR=0.07, CI =0.01 – 0.44, p <0.001) and generation X (OR=0.19, CI =0.05 – 0.68, p
= 0.01) were associated with a reduction in the likelihood of death during hospitalization compared
to greatest generation.
Table 7
A Series of Binary Logistic Regression Tests for Predicting the Relationship Between Mortality
and Each Independent Variable Separately, Such as Age, Age Group, Sex, Race, Income, and
Primary Expected Payer Among Patients on IMV

B
0.04

S.E.
0.01

Wald df
28.52 1.00

Sig.
0.00*

Age
Age Group
Millennial (1981-2.60
0.90
8.28 1.00 0.00*
2000) vs GG
Generation X (1965-1.66
0.65
6.56 1.00 0.01*
1980) vs GG
Baby Boomers
-1.05
0.57
3.31 1.00
0.07
(1946-1964) vs GG
Silent Generation
-0.38
0.58
0.44 1.00
0.51
(1927-1945) vs GG
Sex
Male vs Female
0.18
0.22
0.65 1.00
0.42
Race
White vs other
19.78 12118.84 0.00 1.00
1.00
Black vs other
18.81 12118.84 0.00 1.00
1.00
Hispanic vs other
18.84 12118.84 0.00 1.00
1.00
Asian or Pacific
18.72 12118.84 0.00 1.00
1.00
Islander vs other
Native American vs
0.00 18676.20 0.00 1.00
1.00
other
Median household income national quartile for patient ZIP Code
$1-$42,999 vs
-0.23
0.36
0.42 1.00
0.52
$71,000 or more
$43,000-$53,999 vs
0.02
0.37
0.00 1.00
0.95
$71,000 or more
$54,000-$70,999 vs
-0.05
0.38
0.02 1.00
0.90
$71,000 or more
Primary expected payer

Exp(B)
1.05

95% CI.for
EXP(B)
Lower Upper
1.03
1.06

0.07

0.01

0.44

0.19

0.05

0.68

0.35

0.11

1.08

0.68

0.22

2.11

1.20

0.77

1.85

3.9E+08
1.5E+08
1.5E+08
1.4E+08

0.00
0.00
0.00

.
.
.

0.00

.

1.00

0.00

.

0.79

0.39

1.61

1.02

0.50

2.10

0.95

0.45

2.00
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Medicare vs other
1.43
1.04
1.87 1.00
0.17
4.16
0.54
Medicaid vs other
0.14
1.08
0.02 1.00
0.89
1.15
0.14
Private including
0.81
1.09
0.55 1.00
0.46
2.24
0.27
HMO vs other
Self-pay vs other
0.79
1.14
0.48 1.00
0.49
2.21
0.24
No charge vs other
-18.49 28420.72 0.00 1.00
1.00
0.00
0.00
Note: GG = Greatest generation; sig. = significance; p* < 0.05 is statistically significance

32.03
9.65
18.85
20.54
.

Research Question 2
What is the relationship between mortality and disease status (principal physical diagnosis,
length of IMV, and modifiable risk factors) among patients on IMV?
To answer this question, a chi-square test of independence for relationship was used to
examine the relationship between mortality, principal physical diagnosis and modifiable risk
factors (secondary physical diagnosis). Chi-square test for association (2 x 2) for relationship was
used to examine the relationship between mortality length of IMV (more than 96 hours or less than
and equal to 96 hours).
Mortality and Disease Status
As Table 8 shows, disease status included principal physical diagnosis, length of IMV, and
modifiable risk factors (secondary physical diagnosis). There were only six principal physical
diagnoses left after selection and elimination processes which excluded any principal physical
diagnosis with less than ten counts. The diagnoses selected were pulmonary embolism, pneumonia,
COPD, pneumonitis due to solids and liquids, intra & post-procedural complications of respiratory
system, and respiratory failure. As indicated by the chi-square test (Table 8), there were
statistically significant differences in rates of mortality based on principle physical diagnosis (χ2 =
24.43, p < 0.001). PE had the highest mortality rate, 45.5% (5 out of 11), within the subcategory,
followed by pneumonia (33.3%, 14 out of 42). Only two cells (16.7%) had on expected count less
than five. Therefore, the result met the assumption by reaching goal of at least 80% of cells to have
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an expected count greater than or equal to five. Furthermore, there was a statistically significant
difference in rates of mortality related to length of IMV (χ2 = 5.46, p = 0.02). And, all the cells had
more than five expected cell counts. Consequently, the result was valid because the assumptions
were met. Modifiable risk factors (secondary physical diagnoses) included malnutrition,
overweight and obesity, alcohol abuse, nicotine abuse, and opioids abuse. Differences in mortality
based on modifiable risk factors among patients on IMV were statistically significant (χ2 = 18.99,
p = 0.001). Only one cell had an expected count less than five. Therefore, the assumption was met,
and the result was valid. See Table 8 for mortality and disease status details.
Table 8
Chi-Square Test for the Relationship Between Mortality and Diseases Status (Principal Physical
Diagnosis, Length of IMV, and Modifiable Risk Factors) among Patients on IMV
Variables

Died during hospital
Yes
No
N (%)
N (%)

χ2

p

Principal Physical Diagnosis
Pulmonary Embolism
Pneumonia
COPD
Pneumonitis due to solids and
liquids
Intra & post-procedural
complications of resp. system
Respiratory failure

5 (0.8%)
14 (2.3%)
5 (0.8%)
10 (1.7%)

6 (1.0%)
28 (4.7%)
41 (6.8%)
25 (4.2%)

3 (0.5%)

10 (1.7%)

60 (10.0%)

394 (65.6%)

> 96 hours: Ventilator support

38 (6.3%)

138 (23.0%)

<= 96 hours: Ventilator Support

59 (9.8%)

366 (60.9%)

24.43 0.00

Length of IMV
5.46

0.02

Modifiable Risk Factors (aka Secondary physical diagnosis)
Malnutrition

67 (11.1%)

259 (43.1%)

Overweight and Obesity

10 (1.7%)

58 (9.7%)

Alcohol Abuse

5 (0.8%)

118 (19.6%)

Nicotine abuse

13 (2.2%)

53 (8.8%)

18.99 0.001
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Opioids Abuse

2 (0.3%)

16 (2.7%)

Note: χ2 = Pearson Chi-Square; p = significance; p < 0.05 is statistically significance
As Table 9 shows, only pulmonary embolism (PE), pneumonia, pneumonitis due to solids
and liquids, and length of IMV were significant different to predict mortality. The principal
physical diagnosis as of PE had 5.47 times (OR=5.47, CI =1.62-18.49, p = 0.01) higher odds to
cause death during hospitalization than respiratory failure. Pneumonia, as a principle diagnosis,
had 3.28 times (OR=3.28, CI =1.64-6.59, p < 0.001) higher odds to cause death during
hospitalization than respiratory failure. Principal physical diagnosis as pneumonitis due to solids
and liquids had 2.63 times (OR=2.63, CI =1.20-5.74, p = 0.02) higher odds to cause death during
hospitalization than respiratory failure. Finally, more than 96 hours of ventilator support had 1.71
times (OR=1.71, CI =1.09-2.69, p = 0.02) higher odds to cause death during hospitalization than
equal or less than 96 hours of ventilator support.
Table 9
A Series of Binary Logistic Regression Tests for Predicting the Relationship Between Mortality
and Each Independent Variable Separately, Such as Diseases Status (Principal Physical
Diagnosis, Length of IMV, and Modifiable Risk Factors) among Patients on IMV

B
Principal Physical Diagnosis
Pulmonary Embolism vs RF
Pneumonia vs RF
COPD vs RF
Pneumonitis due to solids and
liquids vs RF
Intra & post-procedural
complications of resp. system
vs RF
Length of IMV

95% CI.for
EXP(B)
Exp(B) Lower Upper

S.E.

Wald

df

Sig.

1.70 0.62
1.19 0.36
-0.22 0.49

7.49
11.19
0.20

0.01*
0.00*
0.65

5.47
3.28
0.80

1.62
1.64
0.30

18.49
6.59
2.11

0.97

5.86

1
1
1
1

0.02*

2.63

1.20

5.74

0.31

1.97

0.53

7.36

0.40

1
0.68

0.67

1.02

51
> 96 hours: Ventilator support
0.54 0.23 5.38
1
vs <= 96 hours
Modifiable Risk Factors (aka Secondary physical diagnosis)
Malnutrition vs OA
0.73 0.76 0.91
1
Overweight and Obesity vs OA 0.32 0.82 0.15
1
1
Alcohol Abuse vs OA
-1.08 0.88 1.52

0.02*

1.71

1.09

2.69

0.34
2.07
0.46
0.70
1.38
0.27
0.22
0.34
0.06
Nicotine abuse vs OA
0.67 0.81 0.69
1 0.41
1.96
0.40
Note: RF = respiratory failure; OA = opioids abuse; p < 0.05 is statistically significance.

9.22
6.94
1.89
9.62

Research Question 3
What is the relationship between mortality and social environment (admission status and
hospital stratum) among patients on IMV?
To answer this question, a chi-square test of independence was used to examine the
relationship between mortality and hospital stratum (region, control, location/teaching, and bed
size). Chi-square test for association (2 x 2) was used to examine the relationship between
mortality and admission day, indication of ED services, and elective versus non-elective admission
(Table 10).
Social environment had two components: admission status and hospital stratum. Admission
status contained admission day (weekdays versus weekends), indication of ED service (yes or no),
and elective versus non-elective admission. Hospital stratum included region, control,
location/teaching, and bed size. As indicated by the chi-square test of association, there was not a
statistically significant relationship between mortality and admission day (χ2 = 2.50, p = 0.11),
indication of ED service (χ2 = 3.16, p = 0.08), and elective versus non-elective admission (χ2 =
0.10, p = 0.75) among patients on IMV. All the cells were more than five counts. Therefore, the
result met the assumption. As indicated by the chi-square test of independence, there were not
statistically significant relationships between mortality and hospital stratum: stratum region (χ2 =
9.20, p = 0.33), stratum control (χ2 = 4.65, p = 0.098), stratum location/teaching (χ2 = 0.96, p =
0.62), or stratum bed size (χ2 = 1.83, p = 0.40).
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Table 10
Chi-Square Test for the Relationship Between Mortality and Social Environment (Admission Status
and Hospital Stratum) among Patients on IMV
Died during hospital
Yes
No
N (%)
N (%)

χ2

p

Admission day
Admission on Monday
64 (10.6%)
372 (61.9%) 2.50
0.11
to Friday
Admission on Saturday
33 (5.5%)
132 (22.0%)
to Sunday
Indication of ED service
No ED
18 (3.0%)
137 (22.8%) 3.16
0.08
Yes ED
79 (13.1%)
367 (61.1%)
Elective versus non-elective
Non-elective admission
90 (15.0%)
472 (78.5%) 0.10
0.75
Elective Admission
7 (1.2%)
32 (5.3%)
Stratum region
New England
6 (1.0%)
17 (2.8%)
9.20
0.33
Middle Atlantic
14 (2.3%)
54 (9.0%)
East North Central
28 (4.7%)
160 (26.6%)
West North Central
7 (1.2%)
22 (3.7%)
South Atlantic
17 (2.8%)
77 (12.8%)
East South Central
9 (1.5%)
46 (7.7%)
West South Central
3 (0.5%)
41 (6.8%)
Mountain
2 (0.3%)
27 (4.5%)
Pacific
11 (1.8%)
60 (10.0%)
Stratum control
Government, non4 (0.7%)
57 (9.5%)
4.65
0.098
federal (public)
Private, non-for-profit
79 (13.1%)
376 (62.6%)
(Voluntary)
Private, investor-owned 14 (2.3%)
71 (11.8%)
(proprietary)
Stratum location/teaching
Rural
5 (0.8%)
39 (6.5%)
0.96
0.62
Urban nonteaching
33 (5.5%)
157 (26.1%)
Urban teaching
59 (9.8%)
308 (51.2%)
Stratum bed size
Small
17 (2.8%)
98 (16.3%)
1.83
0.40
Medium
36 (6.0%)
152 (25.3%)
Large
44 (7.3%)
254 (42.3%)
2
Note: χ = Pearson Chi-Square; p = significance; p < 0.05 is statistically significance
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As Table 11 shows, after a series of binary logistic regression tests for predicting the
relationship between mortality and each independent variable separately, such as admission day,
indication of ED services, elective versus non-elective admission, stratum region, control,
location/teaching, and bedsize among patients on IMV, none of these independent variables were
significant predictors of mortality.
Table 11
A Series of Binary Logistic Regression Tests for Predicting the Relationship Between Mortality
and Each Independent Variable Separately, Such as Admission Day, Indication of ED Services,
Elective versus Non-Elective Admission, Stratum Region, Control, Location/Teaching, Bedsize
Among Patients on IMV

B
Admission day
Admission on Monday to Friday
vs Admission on Saturday to
Sunday
Indication of ED service
No ED versus Yes
Elective versus non-elective
Non-elective admission vs
Elective
Stratum region
New England vs Pacific
Middle Atlantic vs Pacific
East North Central vs Pacific
West North Central vs Pacific
South Atlantic vs Pacific
East South Central vs Pacific
West South Central vs Pacific
Mountain vs Pacific
Stratum control
Government, non-federal
(public) vs PIO
Private, non-for-profit
(Voluntary) vs PIO

S.E.

95% CI.for
EXP(B)
Exp(B) Lower Upper

Wald df

Sig.

-0.37 0.24

2.49

1

0.11

0.69

0.43

1.10

-0.49 0.28

3.12

1

0.08

0.61

0.35

1.06

-0.14 0.43

0.10

1

0.75

0.87

0.37

2.04

0.65
0.35
-0.05
0.55
0.19
0.07
-0.92
-0.91

0.58
0.44
0.39
0.54
0.42
0.49
0.68
0.80

1.29
0.61
0.01
1.03
0.19
0.02
1.81
1.27

1
1
1
1
1
1
1
1

0.26
0.44
0.90
0.31
0.66
0.89
0.18
0.26

1.93
1.41
0.95
1.74
1.20
1.07
0.40
0.40

0.62
0.59
0.45
0.60
0.53
0.41
0.10
0.08

5.97
3.38
2.04
5.04
2.76
2.79
1.52
1.95

-1.03 0.59

3.02

1

0.08

0.36

0.11

1.14

0.06

0.04

1

0.84

1.07

0.57

1.99

0.32
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Stratum location/teaching
Rural vs UT
-0.40 0.50 0.66 1 0.42
0.67
0.25
Urban nonteaching vs UT
0.09 0.24 0.15 1 0.70
1.10
0.69
Stratum bed size
Small vs Large
0.00 0.31 0.00 1 1.00
1.00
0.55
Medium vs Large
0.31 0.25 1.60 1 0.21
1.37
0.84
Note: PIO = Private, investor-owned (proprietary); p < 0.05 is statistically significance.

1.77
1.75
1.84
2.22

Research Question 4
What is the relationship between mortality and discharge status (total cost of service and
LOS) among critically ill patients on IMV?
As Table 12 shows, the relationship between mortality and discharge status (total cost of
service and LOS) among critically ill patients on IMV was analyzed by using an independent
samples t-test. The result of t-test indicated that there was no statistically significant difference in
mean total cost of service between patients on IMV who died (M = $124445.9, SD = 196792.3, N
= 97) and those who did not die during hospitalization (M = $96834.2, SD = 109023.9, N = 504), t
= -1.3, df = 107.6, p = 0.2. The results indicated that the total costs of services for patients on IMV
who died during hospitalization were not statistically significantly different than those who did not
die. Furthermore, the results of t-test indicated that there was no statistically significant differences
in mean of length of stay between patient on IMV who died (M = 10.6 days, SD = 16.9, N = 97)
and those who did not die during hospitalization (M = 9.2 days, SD = 9.4, N = 504), t = -0.8, df =
107.7, p = 0.4. The result indicated that the length of stay for patients on IMV who died during
hospitalization was not statistically significant different from those who did not die during
hospitalization.
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Table 12
Independent Samples T-Test for the Relationship Between Mortality and Discharge Status (Total

Died During
hospitalization

Cost of Service and LOS) among Critically Ill Patients on IMV

Sampl
e size
(n)

Mean

Standard
deviation
(SD)

Total
charge

Y

97

124445.9

196792.3

N

504

96834.2

109023.9

Length
of stay

Y

97

10.6

16.9

N

504

9.2

9.4

t-test for Equality of Means
95% confidence
Std
Sig. (2- Mean
interval of the diff.
error
tailed)
diff.
diff.
Lower
Upper

t

df

-1.3

107.6

0.2

-27611.8

20562.9

-68372.7

13149.2

-0.8

107.7

0.4

-1.4

1.8

-4.9

2.1

Note: t=t-test for equality of means; df = degree of freedom; Sig. =significance; diff. = difference;
t, df, and sig. were reported as equal variances not assumed.
As shown in Table 13, after a series of binary logistic regression tests for predicting the
relationship between mortality and each independent variable separately, such as discharge status
(total cost of service and LOS) among patients on IMV, none of these independent variables were
significant predictors of mortality.
Table 13
A Series of Binary Logistic Regression Tests for Predicting the Relationship Between Mortality
and Each Independent Variable Separately, Such as Discharge Status (Total Cost of Service and
LOS) among Patients on IMV

B
Total charge of hospital service
0.00
Length of stay
0.01
Note: p < 0.05 is statistically significance.

95% CI.for
EXP(B)
S.E. Wald df Sig. Exp(B) Lower Upper
0.00 3.44 1 0.06
1.00
1.00
1.00
0.01 1.27 1 0.26
1.01
0.99
1.03
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Research Question 5
What are the predictors of mortality among critically ill patients on IMV as related to the
patient demographic characteristics (non-modifiable risk factors and socioeconomic status),
disease status (principal physical diagnosis, length of IMV, and modifiable risk factors), social
environment (admission status and hospital status) and discharge status (total cost of service and
LOS)?
To answer this question, binary logistic regression was used to discover which variables
were significantly associated with the outcome (died during hospitalization) and to construct an
equation to predict the outcome of future patients on IMV. The researcher first performed a
preliminary analysis by examining each predictor variable separately in a series of simple logistic
regressions (Elliott & Woodward , 2016). The results of these series of logistic regression are
shown in table 7, 9, 11, and 13. The purpose was to reduce possible predictor variables used in the
multivariate logistic regression. This selection was necessary for this study because it had a large
number of possible predictor variables with total of 15 independent variables and two or more
indicator variables of each of most independent variables. After the preliminary analysis, the
researcher chose to drop any variables from consideration if the p value for the univariate logistic
regression was greater than 0.10. Therefore, the following independent variables were chosen for
final multivariate logistic regression since the p value of each of them was less than 0.10: age, age
group, principal physical diagnosis, length of ventilation (DRG), secondary physical diagnosis
(modifiable risk factors), indication of ED, and total charge. Table 14 was generated.
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Table 14
The Predictors of the Probability of Mortality among Patients on IMV as Related to Age, Age
Group, Principal Physical Diagnosis, Length of Ventilation (DRG), Secondary Physical Diagnosis
(Modifiable Risk Factors), Indication of ED, and Total Charge.
95% CI.for EXP(B)

Age in years at admission
Age groups
Millennial (1981-2000) vs (GG)
Generation X (1965-1980) vs (GG)
Baby Boomers (1946-1964) vs (GG)
Silent Generation (1927-1945) vs (GG)

B S.E. Wald df Sig. Exp(B) Lower
0.07 0.03 7.61 1 0.01 1.07
1.02
2.25
1.72
1.09
0.55

Upper
1.12

1.75
1.26
0.90
0.68

1.65
1.87
1.47
0.65

1
1
1
1

0.20
0.17
0.23
0.42

9.47
5.57
2.99
1.73

0.31
0.48
0.51
0.45

292.79
65.36
17.45
6.63

Pulmonary Embolism vs (RF)
1.89 0.68
Pneumonia vs (RF)
0.83 0.39
COPD vs (RF)
-0.63 0.52
Pneumonitis due to solids and liquids vs 0.66 0.44
(RF)
Intra & post-procedural complications of 0.73 0.73
resp. system vs (RF)

7.79
4.57
1.48
2.24

1
1
1
1

0.01
0.03
0.22
0.13

6.63
2.30
0.53
1.93

1.76
1.07
0.19
0.82

25.05
4.94
1.47
4.58

1.02

1 0.31

2.08

0.50

8.60

Length of ventilation
0.15 0.28 0.27 1 0.61 1.16
0.67
Secondary physical Diagnosis (Modifiable risk factors)
Malnutrition vs (OA)
-0.23 0.83 0.08 1 0.79 0.80
0.16
Overweight and Obesity vs (OA)
-0.26 0.88 0.09 1 0.77 0.77
0.14
Alcohol Abuse vs (OA)
-1.21 0.91 1.76 1 0.19 0.30
0.05
Nicotine abuse vs (OA)
0.44 0.86 0.26 1 0.61 1.55
0.29
Indication of ED
-0.72 0.30 5.54 1 0.02 0.49
0.27
Total charges
0.00 0.00 0.10 1 0.75 1.00
1.00
Constant
-6.90 2.39 8.34 1 0.00 0.00
Note: OA=Opioids Abuse; RF = Respiratory failure; GG = Greatest Generation (1926)

2.00

Principal Physical Diagnosis

4.08
4.36
1.78
8.40
0.89
1.00

From Table 14, age group, length of ventilation, secondary physical diagnosis, and total
charges were not statistically significant. Therefore, the researcher further reduced predictor
variables by eliminating ones that were not significant. Age, principal physical diagnosis, and
indication of ED service were the final selected independent variables for predicting dependent
variable mortality. Finally, Table 15 was generated.
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Table 15
The Predictors of the Probability of Mortality among Patients on IMV as Related to Age, Principal
Physical Diagnosis, and Indication of ED (Reduced Model)
95% C.I.for
Exp(B)

Age in years at admission
Principal physical Diagnosis
Pulmonary Embolism vs (RF)
Pneumonia vs (RF)
COPD vs (RF)
Pneumonitis due to solids and liquids vs
(RF)
Intra & post-procedural complications of
resp. system vs (RF)
Indication of ED Service
Constant
Note: Nagelkerke R2= 0.145

B
0.04

S.E. Wald df Sig. Exp(B) Lower Upper
0.01 24.74 1 0.00 1.04
1.03
1.06

1.95
0.87
-0.41
0.57

0.67
0.37
0.50
0.43

0.74

0.70 1.11

8.46
5.49
0.68
1.77

1
1
1
1

0.00
0.02
0.41
0.18

7.02
2.38
0.66
1.76

1.89
1.15
0.25
0.76

26.07
4.92
1.77
4.08

1 0.29 2.10

0.53

8.31

-0.64 0.30 4.52 1 0.03 0.53
-4.41 0.58 57.01 1 0.00 0.01

0.29

0.95

Model Fit and Explained Variance of the Binary Logistic Regression
The researcher used Omnibus Tests of Model Coefficients and Hosmer and Lemeshow
goodness of fit tests to assess model fit. Omnibus Tests of Model Coefficients provides the overall
statistical significance of the model, in other words, how well the model predicts categorical
outcomes. On the other hand, Hosmer and Lemeshow goodness of fit test is to assess how poor the
model is at predicting the categorical outcomes (Laerd Statistics, 2017). In this study, Omnibus
Tests of Model Coefficients showed χ2 was 53.59, with statistically significance of, p = 0.00 (p <
0.05). This result indicated that the model was statistically significant which means a good fit.
Hosmer and Lemeshow goodness of fit tests showed χ2 was 7.84 without statistical significance, p
= 0.45 (p > 0.05), df = 7. This result indicated that the model was not statistically significant which
means the data model was not a poor fit.
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Furthermore, the researcher attempted to understand how much variation in the dependent
variable can be explained by the model. Nagelkerke R Square (Nagelkerke R2) was used for this
purpose. The model explained 14.5% (Nagelkerke R2) of the variance in died during
hospitalization.
Interpreting Variables in the Equation of the Binary Logistic Regression
As the indicated from Table 15, a binary logistic regression was performed to ascertain the
effects of age, principal physical diagnosis, and indication of ED service on the likelihood that
critically ill patients on IMV died during hospitalization. The logistic regression model was
statistically significance, χ2(7) = 53.59, p = 0.00 (p < 0.005). The model explained 14.5%
(Nagelkerke R2) of the variance in those who died during hospitalization and correctly classified
83.7% of cases. Sensitivity was 3.1%, specificity was 99.2%, positive predictive value was 42.9%
and negative predictive value was 84.2%. Of the seven predictor variables only four were
statistically significant: age, pulmonary embolism, pneumonia, and indication of ED service (as
shown in Table 15). Principal physical diagnosis as pulmonary embolism had 7.02 times
(OR=7.02, CI =1.89-26.07, p = 0.00) higher odds to cause death during hospitalization than
respiratory failure. Furthermore, principal physical diagnosis as pneumonia had 2.38 times (OR=
2.38, CI =1.15-4.92, p = 0.02) higher odds to cause death during hospitalization than respiratory
failure. Increasing age was associated with an increased likelihood of death during hospitalization
among patients on IMV (OR= 1.04, CI =1.03 – 1.06, p = 0.00), but no indication of ED service
was associated with a reduction (OR=0.53, CI =0.29 – 0.95, p = 0.03) in the likelihood of death
during hospitalization compare to indication of ED service.
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ROC Curve for Discriminating the Ability of the Binary Logistic Regression
The fundamental principal for predicting probability of the event (died during
hospitalization) was calculated based on a cut-off point of 0.5 (50%). In other words, if a predicted
probability of the event (died during hospitalization) was greater than or equal to 0.5 that would be
classified as having the event (Laerd Statistics, 2017). In this study, the researcher assessed the
ability of a binary logistic regression model to correctly classify cases, also-known-as the ability of
discrimination. Discrimination is defined as the ability of a binary logistic regression model to
discriminate between those variables with and without the event of interest (Laerd Statistics,
2017). In this study, discrimination of the ability of the binary logistic regression showed how well
the binary logistic regression was able to predict individuals with and without the event of interest
(died during hospitalization).
Receiver Operating Characteristic (ROC) curve, a plot of sensitivity versus one minus
specificity (Hilbe, 2009), was used to calculate an overall measure of discrimination of the binary
logistic regression of this study. The area under the ROC curve was 0.739 (95% CI, 0.69 to 0.79),
which was an acceptable level of discrimination (Hosmer et al., 2013).
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Chapter V
Discussion
Purpose of the Study
The purpose of this scholarly project was to evaluate and predict how the mortality rate
correlates with the risk factors of hospitalized patients on invasive mechanical ventilation (IMV)
by examining their risk factors, such as patient demographic characteristics, disease status, social
environment, and discharge status. Furthermore, the study tried to predict mortality among
critically ill patients on IMV during hospitalization by using these risk factors.
The purpose of this chapter is to interpret the results of the statistical analyses from the
secondary data collected from the NIS database (HCUP Central Distributor, 2016) and explore
their implications for future clinical practice and research. The findings will be organized around
the five research questions. Then, limitations of the study will be presented. Finally, implications
for clinical practice, health policy, education, future projects, and research will be discussed.
Patient Demographic Characteristics and Mortality
Non-Modifiable Risk Factors and Mortality
Non-modifiable risk factors included age, age group, gender, and race. The scholarly
project findings revealed that there was a statistically significant difference in the mean of age of
patients on IMV who died and those who did not die during hospitalization. Patients on IMV who
died during hospitalization had a significantly older age (M = 69.3, SD = 13.2) than those who did
not die during hospitalization (M = 59.1, SD = 16.7). The results related to the fact that older
patients tend to have more co-morbidities, increased chance of sarcopenia and frailty.
Additionally, with age, the immune system becomes less competent, making infections and sepsis
more likely, both of which are associated with increased morbidity and mortality. The findings are
consistent with previous studies. For example, Rodrigues, Nogueira, & Cardoso (2015) compared
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the clinical characteristics of adult (279 adults, aged ≥18 and <60 years), older adult (216 adults,
aged ≥ 60 and < 80 years), and very old adult patients (105 adults, aged ≥ 80 years) admitted to
ICU. A statistically significant difference in mortality between age groups (p = 0.03) was found.
Older adults exhibited greater incidence of death (25.46%) than the adults (15.77%) and very old
adults (20%). The risk of ICU admission and rates of ICU utilization were found to be increased
substantially with increasing age, peaking in the very elderly. The rates of ICU admission and
utilization in those patients equal to or more than 85 years old were 58.2 admissions per 1,000
residents and 195.8 days per 1,000 residents compared with 3.8 admissions per 1,000 residents and
11.5 days per 1,000 residents in those 18 to 44 years old. Residents equal to or more than 85 years
old were 3.75 times as likely (p < 0.001) to be admitted to the ICU compared with those 18 to 44
years old after controlling for the presence of comorbid illness (Seferian & Afessa 2006).
The scholarly project revealed that there had no statistically significant difference between
mortality and gender among patients on IMV (χ2 = 0.65, p = 0.42) consistent with previous
studies. With growing awareness of social inequalities in the healthcare, more studies have been
conducted to address gender bias and inequalities. Larsson et al. (2015) explored the association of
patient gender with admission to the ICU and found no significant difference in physicians’
willingness to admit based on patients’ genders. On the other hand, Mahmood et al. (2012)
assessed the relationship of gender and ICU outcomes and found that ICU mortality was 7.2% for
men and 7.9% for women, odds ratio (OR) for mortality for women was 1.07 (95% CI: 1.04 to
1.1). Moreover, it also revealed a statistically significant difference between gender and age. In
patients less than 50 years of age, women had a reduced ICU mortality compared with men, after
adjustment for acute physiology score, ethnicity, co-morbid conditions, pre-ICU length of stay,
pre-ICU location and hospital teaching status (adjusted OR 0.83, 95% CI: 0.76 to 0.91). But
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among patients equal to or more than 50 years of age, there was no significant difference in ICU
mortality between men and women (adjusted OR 1.02, 95% CI: 0.98 to 1.06). In conclusion,
among the critically ill patients, women less than 50 years of age had a lower ICU mortality
compared to men, while women equal to or more than 50 years of age did not have a significant
difference compared to men. Also, women had a higher mortality compared to men after CABG
surgery and lower mortality with COPD exacerbation. There was no difference in mortality
between genders in acute coronary syndrome, sepsis or trauma.
Finally, the difference between mortality and race among patients on IMV was statistically
significant (χ2 = 13.6, p = 0.02). The findings are inconsistent with previous studies. Baldwin et al.
(2017) did a study to determine if there is a relationship between mortality and health insurance
coverage among older (age > 65 years) minority races (black and Hispanic) who were survivors of
critical illness when compared to whites. Blacks (adjusted-hazard ratio [HR] 0.92, 95% CI 0.76–
1.11) and Hispanics (adjusted-HR 0.92, 95% CI 0.76–1.12) were found to have similar mortality
rates compared to whites. In other words, there was no difference between races in the one-year
mortality rate and mortality conditional on one-year survival by race. Furthermore, a randomized
trial was conducted to test whether hospital physicians made different ICU and life-sustaining
treatments (LST) decisions for otherwise identical African American (AA) and European
American (EA) patients with end-stage cancer and life-threatening hypoxia. The results showed
that there was no significant difference in treatments decisions made by these physicians regarding
terminally ill AA and EA elders (Barnato et al., 2011).
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Socioeconomic Status and Mortality
Patient’s income and primary expected payer were two components of socioeconomic
status. There was no statistically significant difference between median household income national
quartile for patient zip code and mortality (χ2 = 0.99, p = 0.80) (Table 6). However, Schnegelsberg
et al. (2016) found that patients with low income had a substantially greater risk of dying within 30
days of admission compared to those with high income (35.7% vs. 23.3%; adjusted HR 1.99; 95%
CI 1.24–3.21), and tended to show higher 180-day mortality (25.0% vs. 15.5%; adjusted HR 1.72;
95% CI 0.86–3.45). Among patients discharged from the hospital, 125 (45%) were readmitted
within 180 days. Patients with low education and low income also showed a tendency towards
early readmission.
Moreover, mortality and primary expected payer had a statistically significant relationship
(χ2 = 18.3, p = 0.003) (Table 6). This may in part be related to patient age. Patients with Medicare
are likely to be older and at higher risk for IMV-related morbidity and mortality. Other factors are
also likely at play, including ethnicity and socioeconomic status. This finding is consistent with
Baldwin et al. (2017) who found that critically ill patients with Medicare only (adjusted-HR 1.43,
95% CI 1.03–1.98) and Medicaid (adjusted-HR 1.30, 95% CI 1.10–1.52) had higher mortality rates
when compared to those with commercial insurance. Moreover, Medicaid recipients who were the
oldest ICU survivors (age >82 years), survivors of mechanical ventilation, and discharged to
skilled-care facilities had the highest mortality rates (p-for-interaction 0.08, 0.03, and 0.17,
respectively). Significant relationship between mortality and primary expected payer indicated an
underlying issue, health care disparities, which is often due to race, ethnicity, and socioeconomic
status (SES). Health insurance plays an important role in healthcare in terms of providing an
essential link to health services and outcomes. Hines et al. (2017) found that patients with
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Medicare had higher rates of inpatient mortality for conditions like AMI, stroke, pneumonia, and
CHF than those with private insurance (p < 0.05).
Disease Status and Mortality
Principal Physical Diagnosis and Mortality
Only six principal physical diagnoses were left after a selection and elimination process:
pulmonary embolism (PE), pneumonia, COPD, pneumonitis due to solids and liquids, intra & postprocedural complications of respiratory system, and respiratory failure. As Table 8 shows, the
relationship between mortality and principal physical diagnosis was statistically significant (χ2 =
24.43, p = 0.00). The findings are consistent with previous studies. PE is one of leading cause of
in-hospital mortality. Many patients are admitted to ICU due to hemodynamic instability and/or
severe hypoxemia. For example, Winterton et al. (2017) showed that overall mortality was 14.1%
but reached to 41% in patients on mechanical ventilator (p < 0.0001).
Severe community-acquired pneumonia (SCAP) could cause life-threatening acute
respiratory failure which is the main reason to put patients on mechanical ventilator. Ferrer et al.
(2018) assessed the characteristics and outcomes of patients on IMV at presentation of pneumonia,
compared with those without IMV, and determined the influence of risks factors on mortality. The
30-day mortality rate was higher in patients on IMV (51 patients, 33%) compared with the patients
not on IMV (94 patients, 18%, p < 0.001).
WHO defines COPD as a progressive life-threatening lung disease that causes
breathlessness and predisposes to exacerbations and serious illness. Globally, it is estimated that
3.17 million deaths were caused by the disease in 2015. Abukhalaf et al. (2018) assessed patients’
risk factors of COPD related to in-hospital mortality and found that predictors of respiratory deaths
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were significantly impacted by lower FEV1, history of COPD exacerbations, lower BMI, and
higher number of pack‐years smoked (p < 0.05).
Aspiration pneumonitis and aspiration pneumonia are clinical diagnoses. They are
clinically significant due to their high morbidity and mortality and caused by aspiration. Lanspa et
al. (2013) compared characteristics and outcomes in patients with community-acquired aspiration
pneumonia to those with community-acquired pneumonia (CAP). The results showed that patients
with community-acquired aspiration pneumonia had more frequent inpatient admission (99%) and
ICU admission (38%) compare to CAP patients (58% and 14%). Thirty-day mortality for patients
with community-acquired aspiration pneumonia was significantly higher than in CAP patients (p <
0.05).
Intra & post-procedural complication of respiratory system is another principal physical
diagnose in this scholarly project. The most common reason requiring mechanical ventilation
during intra & post-operative is to prevent airway and postoperative respiratory complications.
Ladha et al. (2015) evaluated the effects of intraoperative protective ventilation on major
postoperative respiratory complications, such as pulmonary edema, respiratory failure, pneumonia,
and re-intubation. Out of the 69,265 enrolled, 34,800 (50.2%) patients received protective
ventilation and 34,465 (49.8%) received non-protective ventilation intraoperatively. Protective
ventilation was associated with a decreased risk of postoperative respiratory complications
(adjusted odds ratio 0.90, 95% CI 0.82 to 0.98, p = 0.013).
Duration of IMV and Mortality
This scholarly project showed a statistically significant relationship between mortality and
length of IMV (χ2 = 5.46, p = 0.02) (Table 9). This result is consistent with previous studies. For
example, Feng et al. (2009) did a study of how age and duration of mechanical ventilation
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associated with in hospital mortality. Patients equal to or more than 65 years of age who had
received longer duration of IMV had significantly higher mortality (p < 0.05). Patients ≥ 85 years
of age who had received MV for more than 7 days, the mortality rate was 72.1%. However,
Zilberberg et al. (2008) found the mortality was similar between IMV less than 96 hours and
PAMV (34% vs. 35%) despite that PAMV group having more comorbidities than IMV less than
96 hours group.
Modifiable Risk Factors and Mortality
Finally, modifiable risk factors (also-known-as secondary physical diagnoses) included
malnutrition, overweight and obesity, alcohol abuse, nicotine abuse, and opioids abuse. The
relationship between mortality and modifiable risk factors among patients on IMV was statistically
significant (χ2 = 18.99, p = 0.001) (Table 8). Malnutrition is a common problem to face with
patients on IMV. Adequate nutrition for patients on IMV is essential for survival. Jung et al.
(2018) studied associations between postoperative calorie adequacy, 30-day mortality, and surgical
outcomes in patients with high modified Nutrition Risk in Critically Ill (mNUTRIC) scores. High
NUTRIC score indicates high risk of malnutrition status which is associated with a worse clinical
outcome (mortality). Patients with inadequate calorie supplementation (calorie adequacy <70%)
had higher 30-day mortality than those with adequate supplementation (31.5% vs. 11.1%; p =
0.01). Moreover, Yun et al. (2015) showed that poor nutrition (p = 0.001) was an independent
predictive factor of mortality in patients > 90 years of age admitted to the ICU.
Obese patients represent a specific patient population in the ICU. Obese patients may
experience difficulty during intubation and are prone to pulmonary infection because of increased
atelectasis formation. Atelectasis formation is increased due the negative effects of thoracic wall
weight and abdominal fat mass on pulmonary compliance leading to decreased functional residual
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capacity (FRC) and arterial oxygenation (De Jong, Chanques, & Jaber, 2017). Wardell et al. (2015)
assessed the impact of obesity on the outcome of critically ill patients. Patients with BMI equal to
or more than 30 kg/m2 group had a lower odds of six-month mortality than the BMI less than 30
kg/m2 group (OR 0.59 [95% CI 0.36 to 0.97]; p = 0.04) despite the facts that the BMI equal to or
more than 30 kg/m2 group had longer intubation times (OR 1.56 [95% CI 1.17 to 2.07]; p = 0.003)
and longer ICU length of stay (OR 1.67 [95% CI 1.21 to 2.31]; p = 0.002). Interestingly,
measurement of 75th percentile for waist-to-hip ratio (WHR) was associated only with decreased
ICU readmission (OR 0.23 [95% CI 0.07 to 0.79]; p = 0.02).
Excessive alcohol use is associated with increased mortality. Secombe and Stewart (2018)
stated that admissions associated with alcohol were significantly more likely to require mechanical
ventilation (p < 0.01) and had a significantly longer ICU length of stay (p < 0.05). Like this
scholarly project, de Wit et al. (2007) also used the NIS database to determine whether the
presence of alcohol use disorder (AUD) and the development of alcohol withdrawal were
associated with an increased use and duration of mechanical ventilation in ICU and found that
AUD was associated with an increased risk of requiring mechanical ventilation (OR 1.49, 95% CI
[1.414; 1.574], p < 0.0001). However, AUD was not associated with a prolonged duration for MV.
Cigarette smoking is highly addictive. Sudden nicotine abstinence can produce withdrawal
syndrome. Lucidarme et al. (2010) evaluated the impact of nicotine withdrawal on ventilated
critically ill patients and found that nicotine withdrawal was associated with higher incidences of
self-removal of tubes and catheters. Patient with nicotine withdrawal also needed more
interventions, such as supplemental sedatives, analgesics, neuroleptics, and physical restraints. The
incidence of agitation increased significantly in the smoker group compared to non-smoker group
(64% versus 32%; p = 0.0005). However, mortality was not significantly different between groups.
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Opioid overdose related deaths are rapidly rising in the United States. Death from opioidrelated overdose has increased 200% since 2000 (Stevens et al., 2017). Dewan et al. (2019) found
that patients with opioid use disorder (OUD) more commonly fell in the first quartile of median
income (30.7%; p < 0.001) and were more likely to be uninsured or Medicaid beneficiaries
(48.6%; p < 0.001). However, the mortality was similar between patients with and without OUD
(3.1% vs 4.0%; p = 0.12), but cardiac surgery patients with OUD had an overall higher incidence
of major complications, such as blood transfusion (30.4%; p = 0.002), pulmonary embolism (7.3%;
p < 0.001), mechanical ventilation (18.4%; p = 0.02), and prolonged postoperative pain (2.0%; p =
0.048). Also, cardiac surgery patients with OUD also had a significantly longer length of stay
(median = 11; p < 0.001) and cost significantly more per patient (median = $49,790; p < 0.001).
Social Environment and Mortality
Social environment has two components: admission status and hospital stratum. Admission
status contained admission day (weekdays versus weekends), indication of ED service (yes or no),
and elective versus non-elective admission. Hospital stratum included region, control,
location/teaching, and bed size.
Admission Status and Mortality
This scholarly project showed that there was not a statistically significant relationship
between mortality and admission day (χ2 = 2.50, p = 0.11) (Table 10). This finding is consistent
with previous studies. Eduardo et al. (2017) found that there was no significant difference in the
mortality of patients in the ICU between the time of admission on the weekend (35%) and on
weekdays (31%). However, the time of discharge was associated with higher hospital mortality
rates on weekend (57%) compared to weekday (14%, p = 0.000). Furthermore, Hamaguchi et al.
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(2013) also concluded that in-hospital mortality did not differ between admitted on the weekend
and weekdays (7.5% vs 5.2%, p = 0.136) among patients hospitalized for worsening heart failure.
This scholarly project also showed that there was not a statistically significant relationship
between mortality and indication of ED service (χ2 = 3.16, p = 0.08). This finding is inconsistent
with previous studies. Angotti et al. (2017) showed that patients who were mechanically ventilated
in the ED greater than 7 hours (45.9%) had significantly higher in-hospital mortality compared to
those who were ventilated in the ED for less than seven hours (29.4%, p = 0.018).
Finally, this scholarly project showed that there was not a statistically significant
relationship between mortality and elective versus non-elective admission (χ2 = 0.10, p = 0.75)
among patients on IMV. Apala et al. (2017) showed that there was no significant difference in
mortality between elective and non-elective admissions. However, Arabi et al., (2002) showed that
non-elective admissions had significant association with prolonged ICU stay.
Hospital Stratum and Mortality
As indicated in table 10, there was not a statistically significant relationship between
mortality and hospital stratum: stratum region (χ2 = 9.20, p = 0.33), stratum control (χ2 = 4.65, p =
0.098), stratum location/teaching (χ2 = 0.96, p = 0.62), and stratum bed size (χ2 = 1.83, p = 0.40).
The finding is consistent with previous studies. There are very limited studies in terms of
evaluating the association between mortality and hospital stratum. Mellinger et al. (2015) revealed
that rural/urban location (OR 1.27, p > 0.05), bed-size (OR 1.05, p > 0.05) and teaching status (OR
1.11, p > 0.05) were not associated with inpatient cirrhosis mortality. The only variable which had
an association with mortality was region (Midwest OR 0.54, p < 0 .001).
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Discharge Status and Mortality
Total Cost of Service and Mortality
The relationship between mortality and discharge status (total cost of service and LOS)
among critically ill patients on IMV was analyzed by using an independent samples t-test. As
Table 12 shows, the results of the t-test indicated that there was no statistically significant
difference in mean of total costs of services between patient on IMV who died (M = $124445.9,
SD = 196792.3, N = 97) and those who did not die during hospitalization (M = $96834.2, SD =
109023.9, N = 504), t = -1.3, df = 107.6, p = 0.2. The total costs of services for patients on IMV
who died during hospitalization was not statistically significant difference from those who did not
die during hospitalization. Kramer et al. (2017) revealed that the mean cost of a unit stay was
$16,353. The first few days of care and the first day receiving mechanical ventilation had the
largest effect on total costs. Patients dying before unit discharge had 12.4% greater costs than
survivors (p < 0.01; 99% CI = 9.3-15.5%). The result from Kramer’s study is inconsistent with the
current study. However, Chang et al. (2016) had a similar result with this scholarly project after
investigating the association of mortality with four medical conditions: diabetic ketoacidosis
(DKA), pulmonary embolism (PE), upper gastrointestinal bleeding (UGIB), and congestive heart
failure (CHF). Hospital-level ICU utilization rate was not found to be associated with hospital
mortality regarding each condition. In other words, overutilization of ICU services had no
improvement in mortality, but it led to more costly health care delivery.
Length of Stay and Mortality
There was no statistically significant relationship found in mean of length of stay between
patients on IMV who died (M = 10.6 days, SD = 16.9, N = 97) and those who did not die during
hospitalization (M = 9.2 days, SD = 9.4, N = 504), t = -0.8, df = 107.7, p = 0.4. The length of stay
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for patients on IMV who died during hospitalization was not different from those who did not die
during hospitalization. Williams et al. (2010) also did not find significant differences between
length of ICU stay and in-hospital mortality. However, there was a correlation found between
mortality and an increased risk of long-term mortality after hospital discharge in this scholarly
project. Moitra et al. (2016) also indicated the same finding and showing that increased length of
ICU stay was associated with higher one-year mortality for both mechanically ventilated and nonmechanically ventilated patients (OR=1.04, 95% CI 1.03–1.05).
Predicting the Probability of Mortality among Patients on IMV
Age Predicts Mortality among Patients on IMV
This scholarly project predicted that increasing age was associated with an increased
likelihood of death during hospitalization among patients on IMV (OR= 1.04, CI =1.03 – 1.06, p =
0.00). In other words, patients on IMV were 1.04 times more likely to die during hospitalization
due to advanced age than any other risk factors. Like the current study, several previous studies
indicated that age was a strong predictor for mortality in critically ill patients on IMV. For
example, Blot et al. (2009) showed that the number of very old patients increased 33% over the 15
years (p < 0.001) which indicated more older people were admitted to ICU than before. Mortality
was statistically significant for very old age (HR = 1.8; 95% CI = 1.4 -2.4). Patients above the age
of 75 years represented the largest age group admitted to ICU. Reyes et al. (2016) showed that
mortality differences between the three groups (<80 years, 80–85 years, and > 85 years) were
statistically significant (p = 0.004). However, the Reyes et al. (2016) study had a lower mortality
rate (17%) than Blot’s (56%). This scholarly project included 97 in-hospital deaths out of 601
patients. The mortality rate was 16% which is close to the mortality in Reyes.
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Pulmonary Embolism Predicts Mortality among Patients on IMV
Pulmonary embolism (PE) as one of principal physical diagnoses had 7.02 times
(OR=7.02, CI =1.89-26.07, p = 0.00) higher odds to cause death during hospitalization than
respiratory failure (RF). In other words, patients on IMV were 7.02 times more likely to die during
hospitalization due to PE than RF. In this scholarly project, of the 11 patients diagnosed with PE, 5
patients died during hospitalization. Mortality was 45.5% in patients with PE on IMV and 5.2% in
all death during hospitalization.
This scholarly project finding is consistent with previous studies. For example, Janata et al.
(2002) stated that patients with PE who received mechanical ventilation had a very high mortality
rate (80%). Mechanical ventilation was statistically significantly different between PE survivors
and non-survivors regard to 30-day mortality (Bach et al., 2016). PE is one of leading causes of
mortality in ICU setting. About 60,000 to 100,000 Americans die from PE annually. One-quarter
(25%) of people who have a PE experience sudden death as the first symptom (CDC, 2020).
Moreover, the PE non-survivors were found to be significantly older (61.7 ± 16.4 years) compared
with survivors (48.8 ± 21.2 years; p = 0.002) (Bahloul et al., 2010)
Pneumonia Predicts Mortality among Patients on IMV
A principal physical diagnosis of pneumonia had 2.38 times (OR= 2.38, CI =1.15-4.92, p =
0.02) higher odds of causing death during hospitalization than RF (Table 15). In other words,
patients on IMV were 2.38 times more likely to die during hospitalization due to pneumonia than
RF. In this project, of the 42 patients diagnosed with pneumonia, 14 patients died during
hospitalization. Mortality was 33.3% in patients with pneumonia on IMV and 14.4% in all death
during hospitalization.
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This finding is consistent with Ferrer et al. (2018) who found that the 30-day mortality was
higher in patients with severe community-acquired pneumonia (SCAP) on IMV than non-intubated
patients (51, 33%, vs. 94, 18% respectively, p < 0.001). IMV independently predicted 30-day
mortality in multivariate analysis (adjusted OR = 3.54, 95% CI 1.45-8.37, p = 0.006). Prediction of
mortality of community-acquired pneumonia (CAP) in ICU is important in terms of delivering
good health care and improving patient outcomes.
ED Service Predicts Mortality among Patients on IMV
No indication of ED service was associated with a reduction (OR=0.53, CI =0.29 – 0.95, p
= 0.03) in the likelihood of death during hospitalization compare to indication of ED service
(Table 15). In other words, indication of ED service was associated with an increase of mortality
during hospitalization. This finding is consistent with Angotti et al. (2017) who showed that
patients who were mechanically ventilated in the ED greater than 7 hours (45.9%) had
significantly higher in-hospital mortality compared to those who were ventilated in the ED for less
than seven hours (29.4%, p = 0.018). Page et al. (2018) found a strong association of emergency
department hyperoxia with increased mortality in ventilated patients (adjusted OR = 1.95, 95% CI,
1.34 to 2.85, p < 0.001).
Limitations
Several limitations are present in this study. First, the disadvantage and limitation of
secondary analysis is the main limitation in this study. This study used a NIS databased from
HCUP. The database is the largest publicly available all-payer inpatient care database in the United
States. It approximates a 20% stratified sample of U.S. community hospitals. The database is
suitable for finding relationships among variables. However, it did not include all the details that
might help the researcher to determine causal effects of in-hospital mortality among patients on
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IMV. For example, the database did not include any medication information and vital signs while
patients were on IMV. Critical care IV medication infusion is essential for most patients on IMV.
Moreover, patient code status was also not included in the database. Patients’ social environment
variables, such as sociocultural, developmental, spiritual, and psychological variables, are
important information to justify modifiable risk factors of patients on IMV. For example, the
reason for a patient to abuse alcohol may be due to loss of job and family members. However,
these variables were not included in the database.
The second limitation of this study was related to sampling procedure. The researcher used
modifiable risk factors as a restricting factor to select samples. The NIS database (2016) had more
than 7 million patients and included up to 30 diagnoses for each patient. However, the researcher
only selected primary and secondary diagnoses for the study. Sample size was greatly reduced by
only selecting patients with secondary diagnosis that indicated modifiable risk factors. It also
affected the ability of modifiable risk factors to predict in-hospital mortality among patients on
IMV.
Finally, the researcher only chose to analyze data from a single year of the NIS database
(2016). This made the results of the study less useful in predicting in-hospital mortality among
patients on IMV over multiple years. The cost of the database is one of the factors which hindered
the researcher in purchasing databases from different years to further evaluate in-hospital mortality
among patients on IMV.
Implications for Future Projects/Research
This scholarly project represents an initial effort to evaluate and predict how mortality rate
correlates with the risk factors of hospitalized patients on invasive mechanical ventilation (IMV)
by examining their risk factors, such as patient demographic characteristics, disease status, social
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environment, and discharge status. Although the findings regarding risks of in-hospital mortality
among patients on IMV are informative, additional research is necessary to understand and
develop treatment plans and interventions to reduce the risk of in-hospital mortality and improve
outcomes for critically ill patients on IMV. In this study, age, age group, race, primary expected
payer, principal physical diagnosis, length of IMV, and modifiable risk factors were significantly
associated with in-hospital mortality among patients on IMV. However, only age, PE, pneumonia,
and indication of ED service could predict the dependent variable, mortality. Therefore, further
research is needed to assess and evaluate the effectiveness of current standard practices of PE
diagnosis and treatment, ICU protocol for preventing ventilator-associated pneumonia, and
effectiveness of ED services to reduce mortality among patients on IMV. It is also important to
identify and evaluate if there are any barriers or gaps between ideal practices recommended and
actual practices at organizations and facilities in order to provide recommendations and
interventions to overcome barriers and ultimately improve clinical practice and improve patients’
outcomes.
This project also found that malnutrition and obesity were almost significant enough to
predict mortality among patients on IMV (p = 0.08, p = 0.09 respectively). One of the reasons
modifiable risk factors were not determined as being significant is due to criteria being used as a
factor to select sample data. For future studies, the researcher suggests expanding subjects by
selecting numbers of diagnosis (such as 3rd, 4th, 5th, etc) that indicated modifiable risk factors in
order to better predict mortality among patients on IMV.

77
Implications for Nursing Practice and Health Policy and Education
Recall that age, age group, race, primary expected payer, principal physical diagnosis,
length of IMV, and modifiable risk factors were significantly associated with in-hospital mortality
among patients on IMV in this project. Only age, PE, pneumonia, and indication of ED service
could predict in-hospital mortality among patients on IMV.
The findings from this scholarly project raise several concerns. PE is one of leading causes
of death in ICU and 75% patients with PE requires IMV (Bahloul et al., 2010). One of reasons for
high in-hospital mortality rate among patients with PE is because that symptomatic PE remains not
frequently observed due to lack of performing systematic screening (Bahloul et al., 2010). The
researcher suggests that advanced practice nurses (APNs) need to be aware of nonspecific
symptoms and lack of specific physical signs in PE in order to be able to early intervene and
improve patients’ outcome. APNs need to be able to make PE as one of differential diagnoses
when they encounter patients with suspicious clinical presentation of non-specific respiratory
symptoms, such as dyspnea, pleuritic pain, etc. Furthermore, proper diagnostic tests need to be
ordered at this time. Computed tomography (CT) pulmonary angiography (CTPA) is the gold
standard for diagnosing PE. Proper referrals need to be made according to the patient’s medical
condition, and collaborative care with an interdisciplinary team needs to be established in order to
deliver a high quality of care.
Moreover, the hospitalization of critically ill patients on IMV is a stressful and often
devastating experience for families. A care plan needs to be made and involve both patients and
families. Effective communications between APNs and families could help in establishing a trust
relationship and reduce the families’ anxiety. Finally, APNs and other healthcare professionals will
need to further explore and innovate methods that are effective in reducing cost of healthcare
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services, LOS, duration of IMV, and in-hospital mortality among patients on IMV in terms of
improving utilization of healthcare services and patients’ outcomes.
In terms of improving health care policy, the strong association between primary expected
payer and in-hospital mortality for critically ill patients who require IMV should be further
evaluated. Patients with Medicare had higher rates of inpatient mortality for conditions like AMI,
stroke, pneumonia, and CHF than those with private insurance (p < 0.05) (Hines et al., 2017). The
difference in patients’ outcomes with different type of insurances introduced a disparity issue in
health care delivery. Policy makers and administrators should focus on how to improve quality of
care to overcome differences in healthcare delivery, eliminate health care disparities, and decrease
in-hospital mortality. The guidelines that contribute to improved patient outcomes, decreased LOS
and duration of IMV, reduced total cost of health care services, and that minimize in-hospital
mortality among patients on IMV should be further explored. Last, the U.S.
Department of Health and Human Services (HHS) should consider funding research studying the
association of ED with in-hospital mortality among patients on IMV and then make
recommendations about how the quality of ED services can be improved and in-hospital mortality
can be reduced.
The results of this scholarly project can be utilized in nursing education, as it increases
nursing knowledge development through understanding the impact of independent variables on
mortality among patients on IMV. This project illustrated that if a patient on IMV with modifiable
risk factors was more than 69 years of age, had PE or pneumonia as principal physical diagnosis,
and was admitted from ED, his or her mortality was likely to be higher than those who presented
with different profiles. These variables could be embedded in clinical advanced nursing practice,
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and APNs could utilize this information to make optimal treatment plans to improve patients’
outcome and quality of care.
Conclusion
Critically ill patients on mechanical ventilator have high acuity and represent a distinct
group of patients. Mortality is high in critically ill patients. This project aimed to evaluate and
predict how mortality rates of hospitalized patients on invasive mechanical ventilation related to
risk factors, such as patient demographic characteristics, diseases status, social environment, and
discharge status. Findings revealed that age, age group, race, primary expected payer, principal
physical diagnosis, length of IMV, and modifiable risk factors were significantly associated with
in-hospital mortality among patients on IMV. Only age, PE, pneumonia, and indication of ED
service could predict in-hospital mortality among patients on IMV.
Findings of this project could help policy makers and administrators to develop guidelines
that focus on how to improve quality of care to overcome differences in healthcare delivery,
eliminate health care disparities, decrease LOS and duration of IMV, reduce total cost of health
care services, and minimize in-hospital mortality among patients on IMV. This study also is useful
in terms of improving advanced nursing practice by helping APNs to identify patients at risk of
mortality. Further research is needed to develop treatment plans and interventions to reduce the
risk of in-hospital mortality and improve outcome for critically ill patients on IMV.
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Background and Rationale for the Study: (This section should present the context of the work by
explaining the relation of the proposed research to previous investigations in the field. Include citations for
relevant research.)

Invasive mechanical ventilation (IMV) is lifesaving and one of the most common interventions
implemented in the Intensive care unit (ICU). A study by Kirton (2011) states that more than half of the
patients in the ICU require IMV within the first 24 hours after ICU admission. The mortality rate of
hospitalized patients on IMV was 34.5%. Moreover, only 30.8% of these ventilated patients were
discharged home from the hospital.
One of the most challenging events in the management of patients on IMV is the weaning process.
Adverse outcomes often occur due to both premature and delayed extubation. Therefore, the timing of
extubation is critical to the success of weaning the patient off IMV. Unfortunately, many patients need to be
on prolonged acute mechanical ventilation if the process of weaning off IMV is not successful. Between 5
and 10% of patients mechanically ventilated in ICUs require prolonged IMV (Kirton, 2011). Prolonged
acute mechanical ventilation (PAMV) is defined as more than 96 hours on the ventilator. The number of
patients on prolonged acute mechanical ventilation (PAMV) is expected to double between 2000 and 2020,
from 252,577 to 605,898 (Zilberberg et al, 2008).
The Definition of Critically Ill Patients
The definition of critical illness is a life-threatening multisystem involvement process that can
result in significant morbidity or mortality. Critical illnesses cause physiological instability leading to
disability or death within minutes, hours, or days. A critically ill patient is one at imminent risk of death and
needs medical treatment in the ICU (Sekulic et al., 2015). Acute respiratory failure is the most common
indication for hospitalized patients who require mechanical ventilation (Mora Carpio, 2018). The American
Thoracic Society states that there are about 360,000 people who experience acute respiratory failure each
year in the United States. Approximately 36% of these individuals die during a hospital stay (Kirton, 2011).
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The most common causes of respiratory failure requiring IMV are septic shock, cardiopulmonary
arrest, pneumonia, chronic obstructive pulmonary disease (COPD) exacerbation, postoperative respiratory
failure, stroke, myocardial infarction, status epilepticus, acute respiratory distress syndrome (ARDS), and
drug overdose (Mahmood, 2013). In the United States, pneumonia is the most common cause of sepsis and
septic shock, causing 50% of all episodes. About 1 million adults nationwide seek care in a hospital due to
pneumonia annually, and 50,000 die from it. Furthermore, pneumonia is a significant burden on healthcare
systems in the US since it is one of the top ten most expensive conditions seen during inpatient
hospitalizations. In 2013, pneumonia had an aggregate cost of nearly $9.5 billion for 960,000 hospital stays.
Approximately 200,000 patients each year in the United States are affected by acute respiratory distress
syndrome (ARDS), which results in nearly 75,000 deaths annually. Globally, ARDS accounts for 10% of
intensive care unit admissions and represents more than three million patients annually. Approximately 64
million people have COPD, and 3 million people died of COPD. World Health Organization (WHO)
predicts that COPD will become the third leading cause of death worldwide by 2030. Furthermore, a study
with a large population-based sample (798,255) of hospital admissions for stroke shows over half of the
mechanically ventilated stroke patients died in the hospital (Lahiri et al., 2015).
Critical care is very costly. The mean hospital charge was 2.5 times higher for hospital stays that
included ICU services ($61,800) than for those without ($25,200). A study showed that ICU charges
involved 26.9% of hospital stayed in 29 states, which accounts for 47.5% of total hospital charges (Barrett
et al., 2011). The most common procedure and condition utilized in the ICU were IMV for respiratory
disease (93%).
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Purpose/Objectives of the Research: (Briefly state, in non-technical language, the purpose of the research
and the problem to be investigated. When possible, state specific hypotheses to be tested or specific
research questions to be answered. For pilot or exploratory studies, discuss the way in which the
information obtained will be used in future studies so that the long-term benefits can be assessed.)

This study aims to evaluate and predict how the mortality rate correlates with the characteristics of
hospitalized patients on invasive mechanical ventilation by using their risk factors, such as patient
demographic characteristics, diseases status, social environment, and discharge status.
The study was designed to answer the following research questions:
6. What is the relationship between mortality and patient demographic characteristics (non-modifiable
risk factors and socioeconomic status) among patients on IMV?
7. What is the correlation between mortality and diseases status (principal physical diagnosis, length
of IMV, and modifiable risk factors) among patients on IMV?
8. What is the correlation between mortality and social environment (admission status and hospital
status) among patients on IMV?
9. What is the correlation between mortality and discharge status (total cost of service and LOS)
among critically ill patients on IMV?
10. What are the predictors of mortality among critically ill patients on IMV as related to the patient
demographic characteristics (non-modifiable risk factors and socioeconomic status), diseases status
(principal physical diagnosis, length of IMV, and modifiable risk factors), social environment
(admission status and hospital status) and discharge status (total cost of service and LOS)?
PIO
P = population
Critically ill patients on a ventilator.
I = intervention
None
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O = outcome
To predict mortality rate by examining significant relationships between independent (patient
demographic characteristics, diseases status, social environment, and discharge status) and dependent
variables (mortality) in order to figure out patterns of mortality among critically ill patients for further
quality improvement among this population.
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Methods and/or Procedures: (Briefly discuss, in non-technical language, the research methods
which directly involve use of human subjects. Discuss how the methods employed will allow the
investigator to address his/her hypotheses and/or research question(s).)

Project Design
Introduction of National Inpatient Sample
A non-experimental, retrospective, descriptive- comparative correlational design is planned for the
secondary analysis based on a database from the Nationwide Inpatient Sample (NIS), which is developed by
the Agency for Healthcare Research and Quality (AHRQ). The NIS is the largest nationwide database,
including all-payer inpatient hospitals in each state. The NIS database of the year 2016 is sampled from the
State Inpatient Databases, which include all inpatient data that are currently contributed to Healthcare Cost
and Utilization Project (HCUP). The 2016 NIS sampling frame include data from 47 statewide data
organizations (46 states plus the District of Columbia), covering more than 97% of the U.S. population and
including more than 96% of discharges from the U.S. community hospitals. Target hospitals consisted of a
20% stratified sample of community hospitals that were non-federal, acute-care, and general hospitals in the
U.S. The sampling strata relied on five hospital characteristics. They are geographic region (East North
Central, West North Central, South Atlantic, East South Central, West South Central, Mountain, or Pacific),
control (public, private, or not-for-profit), location (urban or rural setting), teaching status (teaching or nonteaching), and bed size (small, medium, or large) (HCUP Central Distributor, 2016). The population focus
of the secondary analyses is hospitalized patients on IMV. Before the principal investigator was able to
purchase this database (NIS of 2016), HCUP Data Use Agreement (DUA) Training was required. On March
22nd, 2018, the principal investigator completed the training and a certificate of completion was issued
(code: HCUP-389K63DYX).
Purpose and Study variables of the Project
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The purpose of this study is to evaluate and predict how the common non-modifiable and
modifiable risk factors of hospitalized patients on invasive mechanical ventilation correlate with mortality
rates. Specifically, the study is an attempt to: 1) describe the non-modifiable and modifiable risk factors
among critically ill patients who on IMV; 2) determine the correlation among mortality rate and nonmodifiable and modifiable risk factors among critically ill patients on IMV; 3) predict mortality among
critically ill patients between each component of non-modifiable and modifiable risk factors.
The independent variables in this project are non-modifiable (patient demographic characteristics,
such as age, gender, and race) and modifiable risk factors (such as malnutrition, obesity, and substance
abuse), and patient’s admission status (weekend vs. weekdays, indication of ED, and elective vs. nonelective), socioeconomic status (patient’s income and primary expected payer), resource usage information
(total charge of healthcare services and length of stay), and hospital information (hospital location and
stratum). The dependent variable is mortality.
Sampling Procedure and Design of the Project
The NIS database in 2016 has 7.14 million inpatient samples. First, this project would exclude
missing data for age and those younger than 19 years old. Then, patients requiring invasive mechanical
ventilation will be identified by using diagnosis-related groups (DRGs). Only code 207 (indicates
respiratory system diagnosis with ventilator support more than 96 hours) and 208 (indicates respiratory
system diagnosis with ventilator support equal or less than 96 hours) of DRGs will be selected. The NIS
database contains up to 30 diagnoses for each patient. For this study, only the top three diagnoses will be
studied. The study will exclude any samples which have less than three top diagnoses, neonatal or maternal
diagnosis, congenital malformation, genetic disorder, any cancers (neoplasms), immune-compromised
(HIV, TB, and viral hepatitis), any external causes of morbidity, injuries, and poisons. Finally, modifiable
risk factors will be identified by only selecting diagnoses as malnutrition (ICD 10 code E40 to E46),
overweight (ICD 10 code E66), and substance abuse (ICD 10 code F10 to F19) as the third diagnoses. This
resulted in a final sample for analysis of 796.
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Sample Size and Power Determination of the Study
G-Power software (version 3.1.9.4) will be used for calculating the power in this study (Erdfelder,
Faul, & Buchner, 2019). The power analysis for “linear multiple regression” is utilized. A medium effect
size of 0.15 is chosen to determine the sample size. The result is that only 107 samples are needed to be able
to achieve an alpha level 0.05 and power 0.95. However, the entire 796 records will be used in the analysis
in order to give much greater power than that achieved with just 107 records.
Statistical analysis
In this study, multivariate logistic regression as primary analysis will be utilized to test the
predictors of mortality among critically ill patients on IMV. Moreover, descriptive statistics will be used for
summarizing baseline characteristics of the independent variables. Continuous variables will be expressed
as mean (standard deviation) or if not normally distributed, median where appropriate, such as age, total
cost of hospital service and length of stay (LOS). Categorical variables will be expressed as proportions.
Multivariate logistic regression will be used to determine the independent variables associated with
mortality. Odds ratios (OR) and 95% confidence intervals (95% CI) of the associated correlates will be
calculated and ranked by their absolute standardized-beta-coefficient to determine their relative contribution
to the risk of mortality. All the data will be reviewed and analyzed using the IBM SPSS version 26
statistical software.
Description of Measures in the Project
In this study, the dependent variable is mortality. The independent variables in this project are as
listed:
1. Patient demographic characteristics. This includes non-modifiable risk factors, such as age,
gender, and race, and socioeconomic statues such as patient’s income and primary payer.
2. Diseases status. This includes principal physical diagnosis, length of IMV, and modifiable risk
factors, such as malnutrition, overweight, and substance abuse.
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3. Social environment. This includes the patient’s admission status (weekend vs. weekdays, an
indication of ED, and elective vs. non-elective) and hospital stratum (region, control,
location/teaching, and bed size)
4. Discharge Status. This includes the total cost of hospital service and length of stay.
Dependent variables
Mortality
Mortality was the dependent variable in this study. This variable “died”, will be coded as 0 (did not
die during hospitalization) and 1 (died during hospitalization).
Independent variables
Principal physical diagnosis
Primary physical diagnosis is the first ICD-10-CM diagnose of the patient in the NIS database. For
each patient, the NIS database has up to 30 diagnoses. In this study, only the top three diagnoses will be
utilized.
Diagnosis Related Groups.
Diagnosis-related groups (DRGs) are a classification of hospital case types into groups expected to
have similar hospital resource use. In this project, only code 207 and 208 selected since they were an
indicator of patients on IMV. It is used on the discharge date and based on ICD-10-CM/PCS codes.
Patient demographic characteristics. This includes socioeconomic status and non-modifiable risk
factors.
Socioeconomic status.
Median household income for patient’s zip code. The median income quartiles are defined as: 1 ($1
- $42,999); 2 ($43,000 - $53,999); 3 ($54,000 - 70,999); and 4 ($71,000 or more).
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Primary expected payer, this is coded as (1) Medicare, (2) Medicaid, (3) private including HMO,
(4) self-pay, (5) no charge, (6) other.
Non-modifiable risk factors (patient demographic characteristics)
Age. In this study, age is a continuous variable.
Gender. Gender is divided into male and female. The nominal scale represented this variable by
selecting from 0 (male) and 1 (female).
Race. This variable, "race," is coded as 1 (white), 2 (black), 3 (Hispanic), 4 (Asian or Pacific
Islander), 5 (Native American), and 6 (other).
Modifiable risk factors
Malnutrition. ICD-10 code for malnutrition is from E40 to E46.
Overweight. ICD-10 code for obesity is E66.
Substance abuse. ICD-10 code for substance abuse-related disorders is F10.
Admission Status.
Admission day. This variable, “weekend," is coded as 0 (admission on Monday to Friday) and 1
(admission on Saturday and Sunday).
Indicator of the emergency department. This variable, “HCUP_ED”, is coded as 0 (no indication
for ED) and 1 (indication for ED).
Admission type. This variable, “elective”, is coded as 1 (elective admission) and 0 (non-elective
admission).
Resource Usage Information.
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Hospital location refers to the census division of hospital: (1) New England, (2) Middle Atlantic,
(3) East North Central, (4) West North Central, (5) South Atlantic, (6) East South Central, (7) West South
Central, (8) Mountain, (9) Pacific.
Hospital Stratum, a four-digit stratum identifier, is used to sample hospitals, based on geographic
region, control, location/teaching status, and bed size. Stratum information is also contained in the Hospital
Weights file (NIS_STRATUM - Stratum used to post-stratify hospital, 2008). Geographic region (aka
census division) has nine code: (1) New England, (2) Middle Atlantic, (3) East North Central, (4) West
North Central, (5) South Atlantic, (6) East South Central, (7) West South Central, (8) Mountain, (9) Pacific.
Control has five codes: (0) government of private, (1) government, nonfederal, (2) private, not-for-profit,
(3) private, investor-owned, (4) private, either not-for-profit or investor-owned. Location/teaching has three
codes: (1) rural, (2) urban nonteaching, (3) urban teaching. Finally, bedside also has three codes: (1) small,
(2) medium, (3) large.
Protection of Human Subjects
Since 1991, the Federal Policy for the Protection of Human Subjects, known as the "Common
Rule," has protected the identifiable private information of human subjects who participate in federally
funded research initiatives. In this study, there are no additional physical or psychological risks, nor
benefits, as a result of this secondary analysis. The confidentiality of participants is assured by removing
patients’ names, identification numbers, and hospital numbers. The results will be reported in an aggregate
format, and no individual patient will be identified in the presentation or publication of this study.
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Description of Research Sample: If human subjects are involved, please check all that apply:
____

Minors (if minors are involved please attach a Childs Assent Form)

____

Prison Inmates

____

Mentally Impaired

____

Physically Disabled

____

Institutionalized Residents

____

Anyone unable to make informed decisions about participation

____

Vulnerable or at-risk groups, e.g. poverty, pregnant women, substance abuse population

____ Health Care Data Information - be sure to attach any necessary HIPAA forms if this line is
checked
____

Other: Animals or plants will be used

____

Other: please describe

Approximate Number of Subjects: 796

Participant Recruitment:
Describe how participant recruitment will be performed. Include how potential participants are introduced
to the study (Please check all that apply)

SAU Directory:

Postings, Flyers

E-Mail Solicitation

How Were Addresses Obtained

Web-based Solicitation

Indicate Site

Participant Pool

Radio, TV

Indicate Site
What Pool

Other, Please Specify: Secondary data from Healthcare Cost and Utilization Project (HCUP)
Attach Any Recruiting Materials You Plan to Use and the Text of E-mail or Web-based Solicitations You
Will Use

Content Sensitivity:
Does your research address culturally or morally sensitive issues? ____Yes
describe.

No If yes, please
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Privacy and Confidentiality:
Efforts will be made to keep personal information confidential. We cannot guarantee absolute
confidentiality. Personal information may be disclosed if required by law. Identities will be help in
confidence in reports in which the study may be published and databases in which results may be stored.

Will personal identifiers be collected?

____

Yes

____

No

Will identifiers be translated to a code? ____

Yes

____

No

Will recordings be made (audio, video) ____

Yes

____

No If yes, please describe.

Is Funding being sought to support this research? Yes

Circle to indicate if the funding is: Internal or External Funding? Is there a funding risk? No
Principal Investigator purchased this database (National Inpatient Sample of 2016) from HCUP central
distributor with a cost of $125 after student discount on March 26th, 2019.
Before the principal investigator was able to purchase this database (NIS of 2016), HCUP Data Use
Agreement (DUA) Training was required. On March 22nd, 2018, the principal investigator completed the
training and a certificate of completion was issued (code: HCUP-389K63DYX).

Who will keep the financial records? N/A
Who will have access to data (survey, questionnaires, recordings, interview records, etc.)? Please list
below.
Principal Investigator
Participant Compensation and Costs
Are participants to be compensated for the study?

____

Yes

____

No

If yes, what is the amount, type and source of funds:
Amount $___________ Type:____________________ Source ________________________

Will participants who are students be offered class credit?
NA

____

Yes

____

Are other inducements planned to recruit participants?
describe

Yes

____

No If yes, please

____

No

____
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Are there any costs to participants?
____________________

____

Yes

____

No If yes, please explain

Other: Animals/Plants

Are the animals/plants being studied on the endangered list? N/A

Are Scientific Collection Permits required, i.e. Tennessee Wildlife Resources Agency? N/A

Have the animal(s) utilized in this study already been used in a previous study (non-naïve animals)? _ N/A

Will the animal(s) used in this study be used in a future study? N/A

Where will the animals be housed? _ N/A

Will the rodents (if applicable) be housed in wire bottom cages? N/A

Will plants be used for instructional purposes as part of teaching a course? N/A

Are there any risks involved with this study?

_____Yes

______No

Are there any potential damage or adverse consequences to researcher, participants, or
environment? These might include physical, psychological, social, or spiritual risks whether as
part of the protocol or a remote possibility. Please indicate all that apply.
____ Physical Risk: May include pain injury, and impairment of a sense such as touch or sight.
These risks may be brief or extended, temporary or permanent, occur during participation
in the research or arise after.
____ Psychological Risk: Can include anxiety, sadness, regret and emotional distress, among
others. Psychological risks exist in many different types of research in addition to
behavioral studies.
____ Social Risk: Can exist whenever there is the possibility that participating in research or the
revelation of data collected by investigators in the course of the research, if disclosed to
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individuals or entities outside of the research, could negatively impact others’ perceptions
of the participant. Social risks can range from jeopardizing the individual’s reputation and
social standing, to placing the individual at-risk of political or social reprisals.
____ Legal Risk: Include the exposure of activities of a research subject “that could reasonable
place the subjects at risk of criminal or civil liability”.
____ Economic Risk: May exist if knowledge of one’s participation in research, for example,
could make it difficult for a research participant to retain a job or find a job, or if insurance
premiums increase or loss of insurance is a result of the disclosure of research data.
____ Spiritual Risk: May exist if knowledge of one’s spiritual beliefs or lack of, could be
exposed which in turn could invoke an economic, social and or psychological risk.
Risks: In your opinion, do benefits outweigh risks?

____

Yes

____

No

Results:
The results will be disseminated as:
______Classwork only
______Student conference Professional conference
______Published article
______Other If other, please specify:
________________________
Signatures: If submitted by a faculty member, electronic (typed) signatures are acceptable. If
submitted by a student, please print out completed form, obtain the faculty advisor’s signature,
scan completed form, and submit it via e-mail. Only Word documents or PDF files are acceptable
submissions.
Ailin Puckett

10/6/2019

Principal Investigator (PI) or Student

Date

______
_______________
Faculty Advisor (for student applications)

10/7/19______________
Date

All student applications must be signed by the faculty advisor then scanned and submitted
electronically, or submitted directly by the faculty advisor. All applications should be submitted by
email to: irb@southern.edu
Additional Special Requirements or Attachments to the Application
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Approvals from other IRBs
Cooperative research projects involve research that involves more than one institution. In these
instances, federal law holds each institution responsible for safeguarding the rights and welfare of
human subjects and for complying with federal policy; therefore, SAU IRB applications must be
made even if there is another institution conducting a review of the same research project. When a
study is being carried out at a non-USA site, and approval from other institutional review boards at
the foreign site must be sought. The IRB recommends that a copy of each IRB approval be
submitted.
Questionnaires/Other Instruments
Any questionnaires, tests, survey instruments or data collections sheets which are not standard and
well known must be submitted as part of the application. Structured interview questions and
outlines for unstructured interviews also must be included.
Advertisements/Notices/Recruitment Flyers
The text of any advertisement, video display, notice, sign, brochure or flyer used to recruit subjects
either should be included as an attachment.
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Southern Adventist University
School of Nursing
DNP Scholarly Project EOP SLO Synthesis
PICO/Research question:
P = population
Critically ill patients on a ventilator.
I = intervention
To determine correlation among mortality and patient demographic characteristics, diseases status,
social environment, and discharge status among patients who were 19 years or older on IMV.
O = outcome
Find significant relationships between independent (patient demographic characteristics, diseases
status, social environment, and discharge status) and dependent variables (mortality) in order to
figure out patterns of mortality among critically ill patients for further quality improvement among
this population.
Cultural Competence:
1. For healthcare professionals, APNs and nurses need to firstly recognized the presence of
diverse population groups in critical care setting, and be respectful and caring to a global
culture through sensitivity and competence for patient traditions and values.
2. In this study, the researcher demonstrated cultural competence by setting race as one of
independent variables to evaluate its relationship with the dependent variable: mortality.
The researcher tried to find out if there is a statistically significant difference in mortality
and race.
3. As indicated by the chi-sqaure test, there was a significant difference in mortality and race.
The purpose of studying the relationship between race and mortality is to minimize health
disparities among these diverse population by understanding their health beliefs and
integrating them into practice if possible. Eventually, minimizing mortality rate among
critically ill patients is the ultimate goal.
Evidence-Based Practice:
1. Evidence-based practice is critical for patients on invasive mechanical ventilator (IMV) due
to the nature of aggressive progress of the diseases and high acuity of critically ill patients.
2. The whole process of developing this study is the process of developing an evidence-based
practice. This project will use analytic methods to critically appraise existing literature
regarding critically ill patients on IMV and evaluate and predict the relationship between
mortality and certain risk factors in order to understand the associations further quality
improvement.
3. This project will use Nationwide Inpatient Sample (NIS), which is a high-quality database
and developed by the Agency for Healthcare Research and Quality (AHRQ). The NIS was
the largest nationwide database, including all-payer inpatient hospitals in each state. It
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contains charge information on all patients, regardless of payer, including individuals
covered by Medicare, Medicaid, private insurance, and the uninsured. Researchers and
policymakers use the NIS to make national estimates of health care utilization, access,
charges, quality, and outcomes.
4. One of purposes of this study is to evaluate those risk factors which have impact on inhospital mortality rate among critically ill patients. Therefore, APNs could make treatment
plans and interventions to help in reducing in-hospital mortality.
Health Promotion:
1. This project will integrate with Neuman system of model, SDA framework for nursing
education practice, and AACN synergy model to provide wholistic health knowledge and
practice to critically ill patients and their families for promoting their health and further
preventing needs of IMV and its related death.
2. The researcher also used modifiable risk factors as one of independent variables to study
the association with mortality. The purpose of studying the relationship between modifiable
risk factors and mortality is to promote health and healthy lifestyle to patients with highrisk of requiring IMV when they became critically ill.
Patient Centered Care:
1. The purpose of this project is to evaluate and predict mortality rate among patients on IMV
and further improve clinical practice in terms of providing a high quality of patient
centered care.
2. By studying and understanding the characteristics of patients on IMV, it will help nurse
practitioner to understand these patients better and facilitate to implement individualized
specific care plan for the patient.
3. Patient-centered care is the core in this study since it is direct scholarly research project to
promote safe, effective, efficient, and patient-centered care for critically ill patient
requiring IMV by studying and evaluating their risk factors which could impact on
mortality. Ultimately, APNs could implement interventions to prevent and eliminate those
risk factors and reduce in-hospital mortality among critically ill patients on IMV.
Quality and Safety:
1. This study helps healthcare providers to understand the patterns of mortality and health
outcomes among patient on IMV and then investigate new and innovative methods that are
useful for improving safety and quality of care by decreasing LOS, total cost of healthcare
services, morbidity, and mortality.
2. This study already got IRB approval to protect of human subjects. Also, this study used
secondary data analysis and therefore it didn’t have anything to do with harming human
subjects.
Informatics and Innovation:
1. Advanced computer technology was used in this study. For example, both SPSS and Gpower software were used for sample selection and power determination.
2. SPSS was used for all the data analysis.
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3. Data will be analyzed by using different methods for different purposes. For example,
multivariable logistic regression used to identify independent factors associated with
mortality among patients on IMV. The Chi-square test was used for significance testing for
the non-continuous variables.
Teamwork and Collaboration:
1. This project will exam risk factors through different aspects, such as non-modifiable
(patient demographic characteristics, such as age, gender, and race) and modifiable risk
factors (such as obesity, and substance abuse, such as alcohol, nicotine, and opioid use),
and patient’s admission status, socioeconomic statues (patient’s income and primary
payer), resource usage information (total charge of healthcare services and length of stay),
and hospital information (hospital location and stratum).
2. It helps interdisciplinary team members and hospital administrators to understand these risk
factors and make care plans and policy in terms of reducing risk and improving quality of
care and health outcomes.
Professionalism:
1. This project will help nurse practitioners and other healthcare professionals to understand
characteristics of patients on IMV to reduce and eliminate healthcare disparities by
employing effective communication and collaborative skills in the development and
implementation of practice models, peer review, practice guidelines, health policy, and
standards of care for these high acuity patient population.

